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Hie present invention relates to the discovery of 
novel cell cycle regulatory proteins from the human 
pathogen Candida. 
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Cell-Cycle Regulatory Proteins from Human 
Pathogens, and Uses Related Thereto 

Background of the Invention 
5 The progression of a proliferating eukaryotic cell through the cell-cycle checkpoints 

is controlled by an array of regulatory proteins that guarantee that mitosis occurs at the 
appropriate time. Protein phosphorylation is the most common post-translational 
modification that regulates processes inside the cells, and a large number of cell cycle 
transitions are regulated by, in addition to protein-protein interactions, the phosphorylation 
10 states of various proteins. In particular, the execution of various stages of the cell-cycle is 
generally believed to be under the control of a large number of mutually antagonistic kinases 
and phosphatases. A paradigm for these controls is the CDC2 protein kinase, a cyclin- 
dependent kinase (CDK) whose activity is required for the triggering of mitosis in eukaryotic 
cells (for reviews, see Hunt (1989) Curr. Opin. Cell Biol. 1:268-274; Lewin (1990) Cell 
15 61:743-752; and Nurse (1990) Nature 344:503-508). During mitosis, the CDC2 kinase 
appears to trigger a cascade of downstream mitotic phenomena such as metaphase alignment 
of chromosomes, segregation of sister chromatids in anaphase, and cleavage furrow 
formation. Many target proteins involved in mitotic entry of the proliferating cell are directly 
phosphorylated by the CDC2 kinase. For instance, the CDC2 protein kinase acts by 
20 phosphorylating a wide variety of mitotic substrates involved in regulating the cytoskeleton 
of cells, such that entry into mitosis is coordinated with dramatic rearrangement of 
cytoskeletal elements. 

The CDC2 kinase is subject to multiple levels of control. One well-characterized 
mechanism regulating the activity of CDC2 involves the phosphorylation of tyrosine, 
25 threonine, and serine residues; the phosphorylation level of which varies during the cell-cycle 
(Krekk et al. (1991) EMBO J. 10:305-316; Draetta et al. (1988) Nature 336:738-744; 
Dunphy et al. (1989) Cell 58:181-191; Morla et al. (1989) Cell 58:193-203; Gould et al. 
(1989) Nature 342:39-45; and Solomon et al (1990) Cell 63:1013-1024). The 
phosphorylation of CDC2 on Tyr-15 and Thr-14, two residues located in the putative ATP 
30 binding site of the kinase, negatively regulates kinase activity. This inhibitory 
phosphorylation of CDC2 is mediated at least in part by the weel and mikl tyrosine kinases 
(Russel et al (1987) Cell 49:559-567; Lundgren et al (1991) Cell 64:1111-1122; 
Featherstone et al (1991) Nature 349:808-811; and Parker et al (1992) PNAS 89:2917- 
2921). These kinases act as mitotic inhibitors, over-expression of which causes cells to arrest 
35 in the G2 phase of the cell-cycle. By contrast, loss of function of weel causes a modest 
advancement of mitosis, whereas loss of both weel and mikl function causes grossly 
premature mitosis, uncoupled from all checkpoints that normally restrain cell division 
(Lundgren et al (1991) Cell 64:1 1 11-1 122). 
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Summary of the Invention 
The present invention provides reagents and assays Which permit rapid detection and 
evaluation of Candida yeast infections without employing culturing, incubation, sub- 
culturing or microscopic examination. 
5 The present invention also makes available reagents and assays for identifying 

compounds which have antifungal properties and which may be used as anti-mycotic agents. 
Such agents developed with the subject assays can be used therapeutically, as well as, for 
example, preservatives in foodstuff, feed supplement for promoting weight gain in livestock, 
or in disinfectant formulations for treatment of non-living matter, e.g., for decontaminating 

1 0 hospital equipment and rooms. 

In particular, the present invention relates to the discovery of novel cell-cycle 
regulatory proteins from animal pathogens, particularly from members of the genus Candida. 
One aspect of the invention features a Candida TYP1 polypeptide, preferably a substantially 
pure preparation of a TYP1 polypeptide, or a recombinant TYP1 polypeptide. The TYP1 

15 protein shares certain features which suggest that it is a homolog to the S. Pombe cdc25 
phosphatase. In preferred embodiments, the biological activity of the polypeptide includes 
the ability to specifically bind a cyclin dependent kinase (CDK). Preferably, the TYP1 
polypeptide has a phosphatase activity, e.g. a phosphotyrosine phosphatase activity, e.g. a 
phosphoserine/phosphothreonine phosphatase activity. The TYP1 polypeptide may also 

20 generally be characterized as having an amino acid sequence at least 60%, 80%, 90% or 95% 
homologous to the amino acid sequence in SEQ ID No: 7, in addition to those forms of the 
polypeptide which comprise an amino acid sequence identical to the polypeptide designated 
by SEQ ID No: 7. Preferred TYP1 polypeptides are at least 5, 10, 20, 50, 100, or 150 amino 
acids in length; e.g., the polypeptide comprises at least 5, preferably at least 10, more 

25 preferably at least 20, more preferably at least 50, 100, or 150 contiguous amino acids from 
SEQ ID No: 7. Moreover, the subject TYP1 polypeptides can either mimic (agonize) or 
inhibit (antagonize) the biological activity of the wild-type form of the phosphatase, e.g., of 
its ability to. regulate Candida cell proliferation. In preferred embodiments, the TYP1 
polypeptide is isolated or is a recombhinant form of a gene expressed by one of Candida 

30 albicans^ Candida stellatoidea, Candida tropicalis, Candida parapsilosis, Candida krusei, 
Candida pseudotropicalis, Candida guillermondii, Candida glabrata, Candida lusianiae. or 
Candida rugosa. 

Another aspect of the invention features a Candida CKS1 polypeptide, preferably a 
substantially pure preparation of a CKS1 polypeptide, or a recombinant CKS1 polypeptide. 
35 In preferred embodiments, the biological activity of the polypeptide includes the ability to 
specifically bind a cyclin dependent kinase (CDK). Preferably, the CKS1 polypeptide 
modulates the kinase activity of a CDK. The CKS1 polypeptide may generally be 
characterized as having an amino acid sequence at least 60%, 80%, 90% or 95% homologous 
to the amino acid sequence in SEQ ID No: 8, in addition to those forms of the polypeptide 
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wh,ch compnse an amino acid sequence identical to the polypeptide designated by SEQ ID 
No: 8^ Preferred CKS1 polypeptides are at least 5, 10, 20, 50 or 75 amino acids in length- 
e.g.. the polypeptide comprises at least 5, preferably at least 10, more preferably at least 20 
more preferably at least 50 or 75 contiguous amino acids from SEQ ID No: 8. Moreover, the' 
subject CKS, polypeptides can either mimic (agonize) or inhibit (antagonize) the biological 
acttvny of the wdd-type form of the protein, e.g., of its ability to regulate Candida cell 
pjohferanon. In preferred embodiments, the CKS1 polypeptide is isolated from one of 
Candida albicans, Candida steilatoidea, Candida tropicalis, Candida parabiosis, Candida 
kruse, Candida pseudotropicalis, Candida auillermondii, Candida glabra*, Candida 
lusiamae, or Candida rugosa. 

Anodic aspec, of ,h= invention feamres a Candida CDKI polypeptide, preferably a 
substan„a,,y P u« preparation of „ CD K1 polypeptide, ot a recombinant CDKI polypeptide 
In prefemed embodtments, the biologiea. activity of the p „,ypep lid e inchldes the abiIilv to 
spectftcally btnd a cyclut, PreferaWy, „e CDKI polypeptide has an intrinsic kinase acivUy, 
tvhtch ntay depend on fonnation of a complex with a cyclin. The CDKI polypeptide may 
generally be characterized a s having an amino acid sequence a, leas. 60%, 80%, 90% or 95% 
homologous to the amino acid sequence in SEQ ID No; 9, in addition to those forms of the 

SvtSZTf pT^ ™ amino acid sequence identical ,o ** i-m-** 

by SEQ ID No: 9. Preferred CDKI polypeptides are a, leas, 5, 10, 20, 50, ,00 or 150 amino 
actds m lengft; e g., me polypeptide comprises a, ,east 5, preferably a> leas, 10, more 

SEQ ID No: 9. Moreover, me subjec. CDKI polypeptides can either mimic (agonize) or 
tnhtbt, (amagontze) Ute biological activity of the wUd-type form of the kinase, e.g., of its 
abthty to regulate Candida cell proliferation. ,„ preferred embodiments, the CDKI 
polypeprtde ,s plated from one of Candida atoicans, Candida s, ell a,oid e a, Candida 
n-opKahs Canada parapsdosis, Candida Krusei, Candida ps e uda,ropicali, Candida 
amliermond,,. Candida glabrma, Candida lusianiae. o, Candida rugosa 

Another aspect of me invention features a Candida CYB1 polypeptide, preferably a 
ubstanrtally pure preparation of a CYB1 polypeptide, or a tecombinan, CYB1 polypeptide. 
In prefer^ embodiments, the biological activity of me polypeptide includes the ability ,o 
specifically btnd a cyclin dependent kinase (CDK). Preferably, the CYB1 polypeptide 
modulates tite kinase activity of a CDK. The CYB1 polypeptide may generallv be 
charactenzed as having an amino acid sequence a, leas, 60%, 80%, 90% or 95% homologous 
,o t he ammo acd sequence in SEQ ID No: 10, in addition to those forms of the polypeptide 
whtch compnse an amino acid sequence identical .0 the polypeptide designated bv SEQ .D 
No: 10. Preyed CYB, polypeptides are a, leas, 5, 10, 20, 50, ,00 or ,50 amino acids in 
engti,; e.g„ me polypeptide comprises a, leas, 5, preferably a, leas, 10, more preferably a, 
leas, 20, more preferably a, leas, 50, ,00 or 150 contiguous amino acids from SEQ ID No- 
lo. Moreover, me subjec, CYB, polypeptides can eimer mimic (agonize) or inhibi, 
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(antagonize) the biological activity of the wild-type form of the protein, e.g., of its ability to 
regulate Candida cell proliferation. In preferred embodiments, the CYB1 polypeptide is 
isolated from one of Candida albicans, Candida stellatoidea, Candida tropicalis, Candida 
parapsilosis, Candida krusei, Candida pseudotropicalis, Candida quillermondii, Candida 
5 glabrata, Candida lusianiae, or Candida rugosa. 

Another aspect of the invention features a Candida MOC1 polypeptide, preferably a 
substantially pure preparation of a MOC1 polypeptide, or a recombinant MOC1 polypeptide. 
In preferred embodiments, the biological activity of the polypeptide includes the ability to 
specifically bind a cyclin dependent kinase (CDK). Preferably, the MOC1 polypeptide has a 
10 kinase activity, e.g. a serine/theronine kinase activity. The MOC1 polypeptide may also 
generally be characterized as having an amino acid sequence at least 60%, 80%, 90% or 95% 
homologous to the amino acid sequence in SEQ ID No: 1 1, in addition to those forms of the 
polypeptide which comprise an amino acid sequence identical to the polypeptide designated 
by SEQ ID No: 11. Preferred MOC1 polypeptides are at least 5, 10, 20, 50, 100, or 150 
15 amino acids in length; e.g., the polypeptide comprises at least 5, preferably at least 10, more 
preferably at least 20, more preferably at least 50, 100, or 150 contiguous amino acids from 
SEQ ID No: 11. Moreover, the subject MOC1 polypeptides can either mimic (agonize) or 
inhibit (antagonize) the biological activity of the wild-type form of the kinase, e.g., of its 
ability to regulate Candida cell proliferation. In preferred embodiments, the MOC1 
20 polypeptide is isolated from one of Candida albicans, Candida stellatoidea, Candida 
tropicalis, Candida parapsilosis, Candida krusei, Candida pseudotropicalis, Candida 
quillermondii, Candida glabrata, Candida lusianiae, or Candida rugosa. 

In yet other preferred embodiments, the subject regulatory proteins can be provided as 
recombinant fusion proteins which includes a second polypeptide portion, e.g., a second 
25 polypeptide having an amino acid sequence unrelated to a protein represented by one of SEQ 
ID Nos: 7-12, e.g. the second polypeptide portion is glutathione-S-transferase, e.g. the second 
polypeptide portion is a DNA binding domain, e.g. the second polypeptide portion is a 
polymerase activating domain, e.g. the fusion protein is functional in a two-hybrid assay. 

Yet another aspect of the present invention concerns an immunogen comprising at 
30 least a portion of a polypeptide designated by one of SEQ ID Nos. 7-12 in an immunogenic 
preparation, the immunogen being capable of eliciting an immune response specific for the 
subject protein; e.g., a humoral response, e.g., an antibody response; e.g., a cellular response. 

A still further aspect of the present invention features an antibody preparation 
specifically reactive with an epitope of one of the subject regulatory proteins. 
35 Another aspect of the present invention provides a substantially pure nucleic acid 

having a nucleotide sequence which encodes one of the subject polypeptides. Furthermore, 
in certain preferred embodiments, the subject nucleic acids will include a transcriptional 
regulatory sequence, e.g. at least one of a transcriptional promoter or transcriptional enhancer 
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^™„"^ d ,o *• recombinaM sax -~ <*• » — - — — 

gene sequence suitable for use as an expression vector 

condiri T ' ^ emb0din,H »- *• ""Cleic acid hybridizes under stringent 

condmons to a nucietc acid probe conesponding ,o a, leas. 20 consecutive mKleou^oTa 
5 gene designated by one of Sm In n™. ■ ^ . ~r<-""ve nucleotides of a 

8 oy one ot b t Q ID Nos: 1-6; more preferably it hybridizes to at least 40 
consecutive nucleotides of one of SEO ID No*- i «. .„ a „ 
to at least 60 on „, .m ' and eVcn more Preferably it hybridizes 

to at least 60, 90 or 120 consecutive nucleotides of one of SEQ ID Nos- 1-6 

and nro'lif^f ^ "*"* ^ md * identifying 

10 It f " T* "* " mh ° ,iC 300 *** act by InhibTZ 

ues f'n ?T °« ° f * e *** T ™» -*» -ays incite 

des gne ,o identtfy age„ ts which disnlpt bindjng ^ * ■** *ose 

apphcab^agen. which function as inhibit of Ore caralyuc acuvi* of the ££Zf 

— ^sr r srrir in r n wiu v- - - i — 

sktl of the an. Such techmques are explained fully in the lirentture. See for example 
Molecular Cloning A Laboratory Manual 2nH P/t ^ i. c t . nee, iot example, 

(Cold Spring Harbor Laborato^Tws^'o 7, ^ *** 
20 ed l«m./ut. i „ cress. 1989), z>Ar^ Cloning, Volumes I and II {D. N. Glover 

4 68 95 M J - °* ed ' I9M ^ « - U.S. Patent No 

4,683,195 J**, ^ (B. D . HamK & J* 

Transcription And Translation (B D Hames A ^ t u - ■ • "iggins ens. 1984), 

Cells (R. I. Freshney, Alan R L 7ss Inc 7 9 87V f vf *"* ^ 

1986V R Partial a » ,i I ^l*k/«*l B <C*Aia !B , ( |I lt ta 

and I' Pm,S Harb0r Lab <' ra «"y); Methods In Etymology, Vols 154 

and Walker, eds., Academic Press, London 1987V WWA^z- r.rr ■ 

Volumes ,-ZV (D. M. Weir and C. C. Blade', Id's ZT ^rtnenta, *— <** 

Description of the Drawings 

hvdm. Fi8 T ^ dem ° nStrateS aL ^weaver-Burke analysis for recombinant Candida TYP1 
hydrolysis of para-mtrophenylphospate. 

Figure IB demonstrates a Lineweaver-Burlc P ma u,«i« c , . 

t,«H m i„.- fn . weaver tturke analysis for recombinant Candida TYP1 

hydrolysis of fluorescein diphosphate. 

Detailed Description of the Invention 

re E ulate Pr ° te,n Ph ° SPh0rylati ° n iS the most -mmon post-translational modification that 
regulates processes inside cells and plays a key role in regulating the cell cycle eng^ 
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Protein kinases add phosphates to proteins by transferring phosphate groups from, for 
example, ATP, to hydroxyl groups on amino acid side chains; protein phosphatases remove 
the phosphate group. Phosphorylation of a given amino acid in a protein can have a variety 
of effects: activating or inactivating a protein's enzymatic activity, or altering a protein's 
5 affinity for binding to other proteins. In dividing eukaryotic cells, circuits of regulatory 
kinases and phosphatases oversee both the initiation and completion of the major transitions 
of both the meiotic and mitotic cell-cycles. These regulatory networks guarantee that the 
successive events of each cell-cycle occur in a faithful and punctual manner. Passage of a 
cells through the cell cycle is regulated at a number of key control points. For example, 
10 mitosis cannot begin until the cell has grown sufficiently and replicated its genome 
accurately. Likewise, cell division cannot ensue until the mitotic spindle has distributed the 
chromosomes equally to both daughter cells. 

In fission and budding yeasts, CDC2 (CDC28 in budding yeast) is the catalytic 
subunit of a protein kinase complex which is required for both DNA synthesis and for entry 
15 into mitosis. The timing and activation of the CDC2 kinase is regulated by a physical 
association with regulatory subunits called cyclins, as well as a network of protein kinases 
and phosphatases. For example, inhibitory phosphorylation of Tyr-15 and/or Thr-14 is 
mediated by the antagonistic actions of the Weel protein kinase and the CDC25 tyrosine 
phosphatase, the dephosphorylating activity of the latter resulting in activation a kinase 
20 activity of a CDC2/cyclin complex. Moreover, cyclins and cyclin dependent kinases (CDK), 
such as CDC2, are key components of the eukaryotic cell cycle in both unicellular and 
multicellular organisms, with similar allosteric control of CDKs existing amongst 
multicellular organisms. 

The present invention derives from the discovery and isolation of genes encoding 
25 novel cell-cycle regulatory proteins from the human fungal pathogen Candida. One benefit 
provided by the present invention derives from the use of the subject proteins, antibodies and 
nucleic acids as reagents for diagnositic assays. Conventional diagnosis, as indicated above, 
often involves time-consuming steps for determining the presence of infection. Such delays 
can be unacceptable where prompt treatment must be accorded in order to provide positive 
30 prognosis. The subject diagnostic assays, particularly PCR-based procedures, can provide 
diagnostically relevant information in shorter time periods. 

Furthermore, in light of the expected indespensible role of each of these proteins in 
control of cell proliferation, the present invention specifically contemplates drug screening 
assays which detect agents that disrupt the activity of one or more of the subject regulatory 
35 proteins, such as by disruption of binding to other cellular proteins or, where applicable, by 
inhibition of an enzymatic activity of the protein. Agents which inhibit the activation of 
Candida CDKs can be used as anti-fungal agents, such as to treat mycotic infections in 
animals, as preservatives in foodstuff, as a feed supplement for promoting weight gain in 
livestock, or in disinfectant formulations for decontaminanting equipment and rooms. 
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phosphleT^; r.^sr ? m 8enes which encode ~ cdc25 

SSm«r T 8 ( " CKSr,) ' a cydin dependent *— ( " CDK1 ">- * 

Lte «CMK i a F CD h K -! C r atmg kmaSe Cate,ytic Subunit ("MOC1"), and a Map kinase 
kmase ( CMK1 ). Each of these genes, while sharing some degree of homology with genes 
of other eukaryotes, are typically less than about 75 percent homologous with Lwn genes 
and many are ess than 50 percent homologous with known gene, For convenien T We 1 

Zo re'? t0 ^/t" SCqUenCe LiSting ^ ^ "« forth *• nucl c al^ 
ammo acid sequences for the each of the subject regulatory genes. 

Table 1: Sequence Listing Guide 



clone nucleic acid 

sequence 



amino acid 
sequence 



25 



30 



JEl SEQIDNo.i SEQIDNo.7 

CKS SEQIDNo.2 SEQIDNo.8 

crS!5 N03 SEQIDNo.9 

SEQIDNo.4 SEQIDNo.10 

MOC SEQIDNo.5 SEQIDNo.ll 

CMK1 SEQIDNo.6 SEQIDNo.12 

For convenience, certain terms employed in the specification, examples and 
appended claims are collected here. «ampies, and 

As used herein, the term "nucleic acid" refers to polynucleotides such as 
deoxyribonucleic acid (DNA), and, where a p pro p r i ate , ribonucle ' L id (RNA) lL 

from nucleotide analogs, and, as applicable to the embodiment being described single- 
stranded (such as sense or antisense) and double-stranded polynucleotides 

As used herein, the term "gene" or "recombinant gene" refers to a nucleic acid 

:™rdin; n f ftame encoding a poiypeptide — t ^ 

both exon and (optionally) mtron sequence, A "recombinant gene" refers to nucleic acid 

p : lypeptidcs ' which may ° ptiona,,y inciude ^ ~r w :; 

are either derived from a chromosomal DNA Fvemni,™ ~ u- 

r d zrzr in a 8iven gene * ch * - — - - - — 

e « . A, «T d ^ " ,ranSftC,i °"" «— «* I"** of a nucleic acid. 

.^rszs r used ft reftrs ,o a process in wwch a - 

a result of the cellular uptake of exogenous DNA or RM a r , , 

s 51 UiNA or ^JA, and, for example, the transformed 
cell expresses a recombinant form of a polypeptide of th«. «r ♦ ■ "-ansiormed 

jjuiypepuae ot the present invention or where anti- 
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sense expression occurs from the transferred gene, the expression of a naturally-occurring 
form of the protein is disrupted. 

As used herein, the term "vector" refers to a nucleic acid molecule capable of 
transporting another nucleic acid to which it has been linked. One type of preferred vector is 
5 an episome, i.e., a nucleic acid capable of extra-chromosomal replication. Preferred vectors 
are those capable of autonomous replication and/expression of nucleic acids to which they are 
linked. Vectors capable of directing the expression of genes to which they are operatively 
linked are referred to herein as "expression vectors". In general, expression vectors of utility 
in recombinant DNA techniques are often in the form of "plasmids" which refer to circular 
10 double stranded DNA loops which, in their vector form are not bound to the chromosome. In 
the present specification, "plasmid" and "vector" are used interchangeably as the plasmid is 
the most commonly used form of vector. However, the invention is intended to include such 
other forms of expression vectors which serve equivalent functions and which become known 
in the art subsequently hereto. 
15 "Transcriptional regulatory sequence" is a generic term used throughout the 

specification to refer to DNA sequences, such as initiation signals, enhancers, and promoters, 
which induce or control transcription of protein coding sequences with which they are 
operably linked. In preferred embodiments, transcription of a recombinant gene is under the 
control of a promoter sequence (or other transcriptional regulatory sequence) which controls 
20 the expression of the recombinant gene in a cell-type in which expression is intended. It will 
also be understood that the recombinant gene can be tinder the control of transcriptional 
regulatory sequences which are the same or which are different from those sequences which 
control transcription of the naturally-occurring form of the protein. 

"Homology" refers to sequence similarity between two peptides or between two 
25 nucleic acid molecules. Homology can be determined by comparing a position in each 
sequence which may be aligned for purposes of comparison. When a position in the 
compared sequence is occupied by the same base or amino acid, then the molecules are 
homologous at that position. A degree of homology between sequences is a function of the 
number of matching or homologous positions shared by the sequences. 
30 "Cells," "host cells" or "recombinant host cells" are terms used interchangeably 

herein. It is understood that such terms refer not only to the particular subject cell but to the 
progeny or potential progeny of such a cell. Because certain modifications may occur in 
succeeding generations due to either mutation or environmental influences, such progeny 
may not. in fact, be identical to the parent cell, but are still included within the scope of the 
35 term as used herein. 

A "chimeric protein" or "fusion protein" is a fusion of a first amino acid sequence 
encoding one of the subject polypeptides with a second amino acid sequence defining a 
domain foreign to and not substantially homologous with any domain of the first polypeptide. 
A chimeric protein may present a foreign domain which is found (albeit in a different 
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protein) in an organic which also expresses the first protein, or it may be an "interspecies" 
mtergemc", etc. fusion of protein structures expressed by different kinds of organisms 

The term "evolutionarily related to", with respect to nucleic acid sequences encoding 
each of the regulatory proteins, refers to nucleic acid sequences which have arisen naturally 
5 m an orgamsm, including naturally occurring mutants. The term also refers to nucleic acid 
sequences which, while derived from naturally occumng genes, have been altered by 
mutagenesis, as for example, combinatorial mutagenesis described below, yet still encode 
polypepudes which have at least one activity of the wild-type ("authentic") protein 

,n dma ^ temi " iS ° lated " " 3180 herdn ^ rCSpeCt t0 nucleic acids ' such « DNA or 
10 RNA, refers to molecules separated from other DNAs, or RNAs, respectively, that are present 

in the natural source of the macromolecule. For example, isolated nucleic acids encoding the 
subject polypeptides preferably include no more than 10 kilobases (kb) of nucleic acid 
sequence which naturally immediately flanks that gene in genomic DNA, more preferably no 
™* ^ 5kb of such naturally occurring flanking sequences, and most preferablv less than 
15 1.5kb of such naturally occurring flanking sequence. The term isolated as used herein also 
refers to a nucleic acid or polypeptide that is substantially free of cellular material, viral 
matenal, or culture medium when produced by recombinant DNA techniques, or chemical 
precursors or other chemicals when chemically synthesized. Moreover, an "isolated nucleic 
acid is meant to include nucleic acid fragments which are not naturally occurring as 
20 fragments and would not be found in the natural state. 

As described below, one aspect of this invention pertains to an isolated nucleic acid 
comprising the nucleotide sequence encoding one of the subject regulatory proteins, 
biok>gically active fragments thereof, and/or equivalents of such nucleic acids. The term 
nucleic acid as used herein is intended to include such fragments and equivalents. Moreover, 
the term nucleic acid encoding a TYP1 phosphate" is understood to include nucleotide 
sequences encoding homologous proteins functionally equivalent to the polypeptides 
Canada TYP1 protein set forth in SEQ ID No. 7, or functionally equivalent polypeptides 
which, for example, retain a phosphatase activity, and which may additionally retain other 
activities of a TYP1 protein, e.g., the ability to bind to a CDK, e.g. a CDK1 . 

In similar fashion, the present invention contemplates nucleic acids which encode 
polypeptides that are homologous and functionally equivalent to other of the subject 

tTilTtoCD^ inStanCC ' m CqUiValent P ° Iypeptide ° f CKS1 ^ retain ^ ability 
An equivalent polypeptide of CDK1 can retain the ability to bind to cyclins, such as 
CYB , as well as MOCl and the like, TYP1, CKSl and/or other regulatory proteins, as well 
as cellular substrates of the authentic form of the kinase. In addition, an equivalent CDK1 
poypeptide may retain its kinase activity. In similar fashion, an equivalent MOCl 
polypeptide may be characterized by binding to CDK1 or another cyclin-dependent kinase, as 
well as, or alternatively, by its kinase activity towards substrates of the naturally occurring 
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form of the protein. Equivalent polypeptides of the subject CYB1 protein will typically 
retain the ability to bind to a CDK, e.g. CDK1 . 

Moreover, it will be understood that such equivalent polypeptides as described above 
may mimic (agonize) the actions of the authentic form of one of the subject regulatory 
5 proteins. However, it is expressly provided that such equivalents include polypeptides which 
function to antagonize the normal function of the wild-type protein. For instance, dominant 
negative mutants of any of the enzymes TYP1, CDK1, MOC1 or CMK1 may competitively 
inhibit the function of the authentic protein by binding to substrate without catalytically 
acting upon it. Mutants of any of the subject proteins which produce non-productive 

10 complexes with other regulatory proteins can likewise be antagonistic homologs. 
Accordingly, the term "biological activity", with respect to homologs of the proteins 
enumerated in the Sequence Listing, refers to both agonism and antagonism of the ordinary 
function of the wild-type form of that protein. 

Thus, equivalent nucleotide sequences will include sequences that differ by one or 

15 more nucleotide substitutions, additions or deletions, such as intragenus variants; and will 
also include sequences that differ from the nucleotide sequence encoding the portion of the a 
protein represented in one of SEQ ID Nos. 1-6 due to the degeneracy of the genetic code. 
Equivalent nucleic acids will also include nucleotide sequences that hybridize under stringent 
conditions (i.e., equivalent to about 20-27°C below the melting temperature (T m ) of the DNA 

20 duplex formed in about 1M salt) to a nucleotide sequence of a Candida gene represented in 
one of SEQ ID Nos. Nos. 1-6. 

Preferred nucleic acids encode polypeptides comprising an amino acid sequence 
which is at least 60% homologous, more preferably 70% homologous and most preferably 
80% homologous with an amino acid sequence shown in one of SEQ ID Nos. 7-12. Nucleic 

25 acids encoding polypeptides, particularly polypeptides retaining an activity of one of the 
subject regulatory proteins, and comprising an amino acid sequence which is at least about 
90%, more preferably at least about 95%, and most preferably at least about 98-99% 
homologous with a sequence shown in one of SEQ ID Nos. 7-12 are also within the scope of 
the invention. 

30 In yet a further embodiment, the recombinant regulatory genes may further include, in 

addition to the nucleic acid sequences shown in SEQ ID Nos. 1-6, additional nucleotide 
sequences. For instance, the recombinant gene can include nucleotide sequences of a PCR 
fragment generated by amplifying the gene from a genomic DNA library, e.g., intronic 
sequences, as well as 5* and 3' non-coding sequences of any of the subject genes. 

35 Another aspect of the invention provides nucleic acid that hybridizes under high or 

low stringency conditions to nucleic acid which encodes a polypeptide identical or 
homologous with an amino acid sequence represented in one of SEQ ID Nos. 7-12. 
Appropriate stringency conditions which promote DNA hybridization, for example, 6.0 x 
sodium chloride/sodium citrate (SSC) at about 45°C, followed by a wash of 2.0 x SSC at 
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50°C, are known to those skilled in the art or can be found in Current Protocols in Molecular 
Btology .John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. For example, the salt concentration in 
the wash step can be selected from a low stringency of about 2.0 x SSC at 50°C to a high 
stringency of about 0.2 x SSC at 50°C. In addition, the temperature in the wash step can be 
> increased from low stringency conditions at room temperature, about 22°C, to high 
stringency conditions at about 65°C. 

Isolated nucleic acids encoding a Candida regulatory protein of the present invention, 
yet wh,ch differ from the nucleotide sequences shown in SEQ ID Nos. 1-6 due to degeneracy 
m the genetic code, are also within the scope of the invention. Such nucleic acids are 
understood to be capable of encoding functionally equivalent polypeptides (i.e., a polypeptide 
havmg at least a portion of the biological activity of a protein encoded by the enumerated 
sequences). For instance, a number of amino acids are designated by more than one triplet. 
Codons that spec lf y the same amino acid (for example, CAU and CAC are svnonyms for 
hxsfdme) may result in "silent" mutations which do not affect the amino acid sequence of the 
protem. However, it is expected that DNA sequence polymorphisms that do lead to changes 
m the am.no acid sequences of the protein will exist even within the same species. One 
skilled in the art will appreciate that these variations in one or more nucleotides (up to about 
3-4/c of the nucleotides) of a gene encoding a protein may exist among individual cells of a 
given species, e.g., amongst a population of C albicans cells, due to natural allelic variation. 
Any and all such nucleotide variations and resulting amino acid polymorphisms are within 
the scope of this invention. 

Fragments of the nucleic acid encoding portions of the subject regulatory proteins, 
such as the catalytic domain of the TYP1 phosphatase, are also within the scope of the 
mvennon. As used herein, such fragments refer to nucleotide sequences having fewer 
nucleotides than the coding sequence of the gene, yet still include enough of the coding 
sequence so as to encode a polypeptide with at least some of the activity of the full-length 
protein activity. " & 

Nucleic acids within the scope of the invention may also contain linker sequences, 
modified restriction endonuciease sites and other sequences useful for molecular cloning 
expression or purification of the recombinant polypeptides. 

As indicated by the examples set out below, a nucleic acid encoding one of the 
subject proteins may be obtained from mRNA present in the cells of a pathoaen from the 
genus Candida. It will also be possible to obtain nucleic acids encoding the subject proteins 
from genomic DNA obtained from such cells. For example, a gene encoding one of the 
pathogen regulatory proteins can be cloned from either a cDNA or a genomic library from 
other Candida species in accordance with protocols described herein, as well as those 
generally known in the an. For instance, a cDNA encoding a TYP1 protein can be obtained 
by isolating total mRNA from a culture of Candida cells, generating double stranded cDNAs 
from the total mRNA, cloning the cDNA into a suitable plasmid or bacteriophage vector, and 
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isolating clones expressing TYPI protein using any one of a number of known techniques, 
e.g., oligonucleotide probes or western blot analysis. Genes encoding related proteins can 
also be cloned using established polymerase chain reaction techniques in accordance with the 
nucleotide sequence information provided by the invention. The nucleic acid of the invention 
5 can be DN A or RNA. 

Another aspect of the invention relates to the use of the isolated nucleic acid in 
"antisense" therapy. As used herein, "antisense" therapy refers to administration or in situ 
generation of oligonucleotide probes or their derivatives which specifically hybridizes (e.g. 
binds) under cellular conditions, with the cellular mRNA and/or genomic DNA encoding one 
10 of the subject regulatory proteins so as to inhibit expression of that protein, e.g. by inhibiting 
transcription and/or translation. The binding may be by conventional base pair 
complementarity, or, for example, in the case of binding to DNA duplexes, through specific 
interactions in the major groove of the double helix. In general, "antisense" therapy refers to 
the range of techniques generally employed in the art, and includes any therapy which relies 
1 5 on specific binding to oligonucleotide sequences. 

An antisense construct of the present invention can be delivered, for example, as an 
expression plasmid which, when transcribed in the cell, produces RNA which is 
complementary to at least a unique portion of the cellular mRNA which encodes one of the 
regulatory proteins. Alternatively, the antisense construct is an oligonucleotide probe which 
20 is generated ex vivo and which, when introduced into the cell, causes inhibition of expression 
by hybridizing with the complementary mRNA and/or genomic sequences. In any event, it 
will be generally desirable to choose an antisense molecule which uniquely hybridizes to the 
Candida gene, e.g. does not hybridize under physiological conditions to DNA or RNA from a 
mammalian cell, especially a human cell. Such oligonucleotide probes are preferably 
25 modified oligonucleotide which are resistant to endogenous nucleases, e.g. exonucleases 
and/or endonucleases, and is therefore stable in vivo. Exemplary nucleic acid molecules for 
use as antisense oligonucleotides are phosphoramidate, phosphothioate and 
methylphosphonate analogs of DNA (see also U.S. Patents 5,176,996; 5,264,564; and 
5,256,775). Additionally, general approaches to constructing oligomers useful in antisense 
30 therapy have been reviewed, for example, by van der Krol et al. (1988) Biotechniques 6:958- 
976; and Stein et al. (1988) Cancer Res 48:2659-2668. 

Accordingly, the modified oligomers of the invention are useful in therapeutic, 
diagnostic, and research contexts. In therapeutic applications, the oligomers are utilized in a 
manner appropriate for antisense therapy in general. For such therapy, the oligomers of the 
35 invention can be formulated for a variety of modes of administration, including systemic and 
topical or localized administration. Techniques and formulations generally may be found in 
Remmington's Pharmaceutical Sciences , Meade Publishing Co., Easton, PA. For systemic 
administration, injection is preferred, including intramuscular, intravenous, intraperitoneal, 
and subcutaneous for injection, the oligomers of the invention can be formulated in liquid 
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solutions, preferably i„ physiologically compatible buffers such as Hank's solution or 
Roger s soluuon. n addition, the oligomers may be" formulated in solid TrTZ 
dissolved orsuspendedimmediatelypriorto use. Lyophilized forms are also include! 

Systemic administration can also be by transmural or transdermal means or the 
5 compounds can be administered orally. For transmural or transdermal 

aT tration bile s,ts and .sidic 

facilitate permeation. Transmucosa, administration may be through Lai ^ s or Jig 
10 upposnones. For oral admmistration, the oligomers are formulated into coZZo JZ 
administration forms such as capsules tablet* a „w r, . unvenaona J oral 

i- r- . • v.apbuies, taoiets, and tomes. For top ca administration the 

15 re „ m ,! n . a< !?, ,i0n '! " M ' heraPy ' ** ° ,iS ° mCrS ° f ^ "»y <* used as diagnostic 

Thts tnvention also provides expression vectors which include a nucleotide seouence 
encodtng one of the subject peptides and operably linked to a, Jtf 
"quence. OperaHv ,U*ed is inKnded „ ^ ^ ^ 

rcgulatory sequence in a manner which allows expression of the leotide tue ce 
5 amatory sequences are art-recogniaed. According, the term tegulatorv Tlce 
utcludes promoters enhancers a^ other expression conun, element Exemp.ary re3Z 

rz ; in GMddei; g - & ~ M*jzgsz 

185, Academtc Press, San Diego, CA (1990). For instance, any of a wide ZiZZ 
express™ coturo, sequences-seances tha, control the expression of a Ut,Z£lZ2 
. opera tvely hnxed to , may be used in these vectors to express DNA sequences IT^ 
regula oty protents of this invention. Such usefit, expression contro, sequences JTfa 

n , „ ... , y ™ A P oi y m erase, the major operator and promoter regions of 

uier glycolytic enzymes, the promoters of acid phosphatase e e Pho5 the 
promoters of the yeast a-matine factor the ™i u , ^pnaiase, e.g., r-no5, the 

and other . ' P oI y hedron Promoter of the baculovirus system 

and ot er sequences known to control the expression of genes of prokarvotic or eukaLic 
cells or their viruses, and various combinations thereof. It should be understood thai the 
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design of the expression vector may depend on such factors as the choice of the host cell to 
be transformed and/or the type of protein desired to be expressed. Moreover, the vector's 
copy number, the ability to control that copy number and the expression of any other proteins 
encoded by the vector, such as antibiotic markers, should also be considered. 
5 This invention also pertains to a host cell transfected with a recombinant gene in order 

that it may express a recombinant protein of the present invention. The host cell may be any 
prokaryotic or eukaryotic cell. For example, a TYP1 protein of the present invention may be 
expressed in bacterial cells, such as E. colL insect cells, yeast, or mammalian cells. Other 
suitable host cells are known to those skilled in the art. Exemplary cells genetically 
10 engineered to produce a recombinant protein of the present invention are the 
Schizosaccharomyces cells described below. 

Another aspect of the present invention concerns recombinant forms of the subject 
Candida regulatory proteins. The term "recombinant protein" refers to a protein of the 
present invention which is produced by recombinant DNA techniques, wherein generally 
15 DNA encoding the protein is inserted into a suitable expression vector which is in turn used 
to transform a host cell to produce the heterologous protein. Moreover, the phrase "derived 
from", with respect to a recombinant gene encoding one of the subject proteins, is meant to 
include within the meaning of "recombinant protein" those proteins having an amino acid 
sequence of the native (or "authentic") form of the pathogen protein, or an amino acid 
20 sequence similar thereto, which is generated by mutation so as to include substitutions and/or 
deletions relative to a naturally occurring form of the protein. To illustrate, recombinant 
proteins preferred by the present invention, in addition to those having an amino acid 
sequence of the native proteins, are those recombinant proteins having amino acid sequences 
which are at least 70% homologous, more preferably 80% homologous and most preferably 
25 90% homologous with an amino acid sequence shown in one of SEQ ID Nos: 7-12. A 
polypeptide which having an amino acid sequence that is at least about 95%, more preferably 
at least about 98%, and most preferably identical to one of the sequences shown in SEQ ID 
Nos: 7-12 are also within the scope of the invention. Thus, the present invention pertains to 
recombinant proteins which are derived from Candida and which have amino acid sequences 
30 evolutionarily related to a protein represented by any one of SEQ ID Nos: 7-12, wherein 
"evolutionarily related to" refers to polypeptides having amino acid sequences which have 
arisen naturally (e.g. by allelic variance or by differential splicing), as well as mutational 
variants of the regulatory proteins which are derived, for example, by combinatorial 
mutagenesis. 

35 The present invention fiirther pertains to methods of producing the subject 

polypeptides. For example, a host cell transfected with a nucleic acid vector directing 
expression of a nucleotide sequence encoding one of the subject regulatory proteins can be 
cultured under appropriate conditions to allow expression of the polypeptide to occur. The 
polypeptide may be secreted and isolated from a mixture of cells and medium containing the 



BNSDOCID: <WO 9639527A1 J_> 



15 



20 



25 



30 



35 



WO 96/39527 

PCT/US96/08807 

- 16- 

r=n7h binam 7,"'", A " ematiVe,y ' *• ^"de may be retained cyroplasmically and the 

T y *" Pr ° ttin iSOlated ' A <*» ^s. ells media a,d 

omerbyproduc* Suitable media for call cultureare well known inthe an. ThepoCpud 
can be 1S o,a,ed from ce „ culture medium, host ceUs, or bom using techniques Jo wZ l 
> an for p„ n( y, ng proleins jncludjllg ^ duomatogmphy, gel nation 

ctomato grapby ulnafunation, e.ecrrophoresis, and immunoafflnity punficltio wifc 

z " r;r ^ recombinaM pro,ein - in a «■» 

Thus, a nucleotide sequence derived from the cloning of one of the subject proteins 
of me protem vra mtcrobral or eukaryotic cellular processes. Ligating the polynucleotide 

rr,r^h~ r ^ : "^ r — " 

e* , p53, RB, p, 6 , human TYP1, and me like. Similar procedures, or modification .hereof 

Tcrob a7 '° ^ ™ mbin ° m <°™ ° f *' -*« <™ Ki ". - P-*« mereof by 
mtcrobul means or fssue-cutare technology in accord with me subject invention. 

cloned ReC ° n ""° am ^ ° f proteins can be produced by ligating ttte 

cells eukaryouc cells, or bom. Expression vehicles for production of the mcombLnt 

oEMBlT hT T mClUde ° f *• W= pBR322.dcrived pLnids 

nlasm^t ' • ' dCriVCd PlaSmMS - P BT -<*"ved plasmids and pUC-derived 

plasmids for expression in prokatyotic cells, such as E. coli. 

A number of vectors exist for the expression of recombinant pmteins in yeas, For 
tnstance, pRS vectors, e.g., pRS 303, p R S304, pRS 303, pRS 30 6, etc., ane c.ontag 2 
expression vehicles useful in the induction of genetic consuls into S. cere^JZ to 
« Stkorski etal. (1989, Generic, ,22:19-27; and Christianson (1992) O-T.K 
122). These vectors can replicate in £ cori due ,o the presence of the pBR322 on and in S 

~e markers such as ampicillin can be used Expression in other yeas, systems, such a! 
P. pastoris, is contemplated by this invention. 

a baculo" SOme inStanCeS • " ^ dK!i,able " eXPreSS ' he — nWnant genes by me use of 

VL d T eXPreSS1M EXamP ' eS ° f SUC " baC "'™- ««— systeL include 

pVL-denved vectors (such as pVL1392, pVL1393 and pVL94», pAcUwIrived vectors 

nzrn' i p r eBac - derived ™~ ^ - * ^ 

HI, P 2BIue). Further, me p 2B1 ue vector has the added feamm of being capable of expressing 
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two exogenous proteins simultaneously (p2Blue, Invitrogen Corp. Catalog number V-1970- 
10). 

When expression of a carboxy-terminal portion of one of the polypeptides enzyme is 
desired i.e., a truncated form of the protein, it may be desirable to add a start codon (ATG) to 

5 the oligonucleotide fragment containing the desired sequence to be expressed. It is well 
known in the art that a methionine at the N-terminal position can be enzymatically cleaved by 
the use of the enzyme methionine aminopeptidase (MAP). MAP has been cloned from E. 
coli (Ben-Bassat et al. (1987) J. Bacteriol. 169:751-757) and Salmonella typhimurium and its 
in vitro activity has been demonstrated on recombinant proteins (Miller et al. (1987) PNAS 

10 84:2718-1722). Therefore, removal of an N-terminal methionine, if desired, can be achieved 
either in vivo by expressing recombinantly-derived polypeptides in a host which produces 
MAP (e.g., E. coli or CM89 or 5. cerevisiae), or in vitro by use of purified MAP (e.g., 

procedure of Miller et al). 

Alternatively, the coding sequences for the polypeptide can be incorporated as a part 
15 of a fusion gene so as to be covalently linked in-frame with a second nucleotide sequence 
encoding a different polypeptide. This type of expression system can be useful, for instance, 
where it is desirable to produce an immunogenic fragment of the protein. For example, the 
VP6 capsid protein of rotavirus can be used as an immunologic carrier protein for portions of 
the TYP1 polypeptide, either in the monomeric form or in the form of a viral particle. The 
20 nucleic acid sequences corresponding to the portion of the protein to which antibodies are to 
be raised can be incorporated into a fusion gene construct which includes coding sequences 
for a late vaccinia virus structural protein to produce a set of recombinant viruses expressing 
fusion proteins comprising a portion of the TYP1 protein as part of the virion. It has been 
demonstrated with the use of immunogenic fusion proteins utilizing the Hepatitis B surface 
25 antigen fusion proteins that recombinant Hepatitis B virions can be utilized in this role as 
well. Similarly, chimeric constructs coding for fusion proteins containing a portion of a 
TYP1 protein and the poliovirus capsid protein can be created to enhance immunogemcity of 
the set of polypeptide antigens (see, for example, EP Publication No. 0259149; and Evans et 
al. (1989) Nature 339:385; Huang et al. (1988) J. Virol. 62:3855; and Schlienger et al. 

30 (1992) J. Virol. 66:2). 

The Multiple Antigen Peptide system for peptide-based immunization can also be 
utilized, wherein a desired portion of a one of the subject proteins is obtained directly from 
organo-chemical synthesis of the peptide onto an oligomeric branching lysine core (see, for 
example, Posnett et al. (1988) JBC 263:1719 and Nardelli et al. (1992) J. Immunol. 148:914). 

35 Antigenic determinants of the subject proteins can also be expressed and presented by 
bacterial cells. 

In addition to utilizing fusion proteins to enhance immunogenicity, it is widely 
appreciated that fusion proteins can also facilitate the expression of proteins. For example, 
recombinant forms of each of the subject pathogen proteins can be generated as glutathione- 
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S-transferase (GST) fusion proteins. Such GST fusion proteins can be used to simplify 
punf.cat.on of the protein, such as through the use of glutathione-derivatized matrices (see 
for example, Current Protocols in Molecular Biology, eds. Ausabel et al. (N.Y.: John Wiley 
& Sons, 1991)). In another embodiment, a fusion gene coding for a purification leader 
sequence, such as a poly-(His)/enterokinase cleavage site sequence at the N-terminus of the 
des.red portion of the recombinant protein, can facilitate purification of the fusion protein by 
affin.ty chromatography using a Ni2+ metal resin. The purification leader sequence can then 
be subsequently removed by treatment with enterokinase (e.g., see Hochuli et al. (1987) 
J. Chromatography 41 1 .1 77; and Janknecht et al. PNAS 88:8972). 

Techniques for making fusion genes are well known. Essentially, the joining of 
vanous DNA fragments coding for different polypeptide sequences is performed in 
accordance with conventional techniques, employing blunt-ended or stagger-ended termini 
fo. -l.gat.on, restriction enzyme digestion to provide for appropriate termini, filling-in of 
cohes.ve ends as appropriate, alkaline phosphatase treatment to avoid undesirable joining 
15 and enzymatic ligation. In another embodiment, the fusion gene can be synthesized by 
convennonal techniques including automated DNA synthesizers. Alternatively, PGR 
amplication of gene fragments can be carried out using anchor primers which give rise to 
complementary overhangs between two consecutive gene fragments which can subsequently 
be annealed to generate a chimeric gene sequence (see, for example, Current Protocols in 
20 Molecular Biology, eds. Ausabel et al. John Wiley & Sons: 1992). 

The present invention also makes available purified, or otherwise isolated forms of 
the subject fungal proteins, which are isolated from, or otherwise substantially free of, other 
mtracellular proteins which may be normally associated, especially other cell-cycle 
regulatory proteins. The term "substantially free of other cellular proteins" (also referred to 
herem as "contaminating proteins") is defined as encompassing, for example, protein 
preparauons comprising less than 20% (by dry weight) contaminating protein, and preferably 
compnses less than 5% contaminating protein. Purified forms of the subject polypeptides 
can be prepared as purified preparations, for example, by using the.cloned genes as described 
herem. The term "purified" as used herein preferably means at least 80% by drv weight 
more preferably in the range of 95-99% by weight, and most preferably at least 99.8% by 
werght, of biological macromolecules of the same type present (but water, buffers, and other 
small molecules, especially molecules having a molecular weight of less than 5000, can be 
present). The term "pure" as used herein preferably has the same numerical limits as 
punfied" immediately above. "Isolated" and "purified" do not encompass either natural 
matenals m their native state or natural materials that have been separated into components 
(e.g., .n an acrylamide gel) but not obtained either as pure (e.g. lacking contaminating 
protems, or chromatography reagents such as denaturing agents and polvmers, e.g 
acrylamide or agarose) substances or solutions. 
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However, the subject polypeptides can also be provided in pharmaceutical^ 
acceptable carriers for formulated for a variety of modes of administration, including 
systemic and topical or localized administration. Techniques and formulations generally may 
be found in Remmington's Pharmaceutical Sciences, Meade Publishing Co., Easton, PA. In 
an exemplary embodiment, a dominant negative mutant of one of the subject regulatory 
proteins can be provided for transmucosal or transdermal delivery. For such administration, 
penetrants appropriate to the barrier to be permeated are used in the formulation with the 
polypeptide. Such penetrants are generally known in the art, and include, for example, for 
transmucosal administration bile salts and fusidic acid derivatives. In addition, detergents 
may be used to facilitate permeation. Transmucosal administration may be through nasal 
sprays or using suppositories. For topical administration, the oligomers of the invention are 
formulated into ointments, salves, gels, or creams as generally known in the art. 

Another aspect of the invention related to polypeptides derived from the full-length 
forms of the subject proteins. Isolated peptidyl portions can be obtained by screening 
polypeptides recombinantly produced from the corresponding fragment of the nucleic acid 
encoding such polypeptides. In addition, fragments can be chemically synthesized using 
techniques known in the art such as conventional Merrifield solid phase f-Moc or t-Boc 
chemistry. For example, TYP1 can be arbitrarily divided into fragments of desired length 
with no overlap of the fragments, or preferably divided into overlapping fragments of a 
desired length. The fragments can be produced (recombinantly or by chemical synthesis) and 
tested to identify those peptidyl fragments which can function as either agonists or 
antagonists of, for example, CDK activation, such as by microinjection assays. In an 
illustrative embodiment, peptidyl portions of the Candida TYP1 can be tested for CDK- 
binding activity, as well as inhibitory ability, by expression as, for example, thioredoxin 
fusion proteins, each of which contains a discrete fragment of the TYP1 protein (see, for 
example, U.S. Patents 5,270,181 and 5,292,646; and PCT publication W094/ 02502). 

It is also possible to modify the structure of the subject regulatory proteins for such 
purposes as enhancing therapeutic or prophylactic efficacy, or stability (e.g., ex vivo shelf life 
and resistance to proteolytic degradation in vivo). Such modified polypeptides, when 
designed to retain at least one activity of the naturally-occurring form of the protein, are 
considered functional equivalents of the polypeptides described in more detail herein. Such 
modified polypeptides can be produced, for instance, by amino acid substitution, deletion, or 
addition. 

Moreover, it is reasonable to expect that an isolated replacement of a leucine with an 
isoleucine or valine, an aspartate with a glutamate, a threonine with a serine, or a similar 
replacement of an amino acid with a structurally related amino acid (i.e., conservative 
mutations) will not have a major effect on the biological activity of the resulting molecule. 
Conservative replacements are those that take place within a family of amino acids that are 
related in their side chains. Genetically encoded amino acids are can be divided into four 
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families: (1) acidic = aspartate, glutamate; (2) basic = lysine, arginine. histidine; (3) nonpolar 
- alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan; and (4) 
uncharged polar = glycine, asparagine, glutamine, cysteine, serine, threonine, tyrosine 
Phenylalanine, tryptophan, and tyrosine are sometimes classified jointly as aromatic amino 
acids. In similar fashion, the amino acid repertoire can be grouped as (1) acidic = aspartate 
glutamate; (2) basic = lysine, arginine histidine, (3) aliphatic = glycine, alanine, valine 
leucine, isoleucine, serine, threonine, with serine and threonine optionally be grouped 
separately as aliphatic-hydroxyl; (4) aromatic = phenylalanine, tyrosine, tryptophan; (5) 
amide = asparagine, glutamine; and (6) sulfur -containing = cysteine and methionine, (see 
for example, Biochemistry, 2nd ed, Ed. by L. Stryer, WH Freeman and Co.:1981). Whether a 
change in the amino acid sequence of a peptide results in a functional homolog of one of the 
subject proteins can be readily determined by assessing the ability of the variant peptide to 
produce a response in cells in a fashion similar to the wild-type protein, or by evaluating the 
homolog in an in vitro system. Polypeptides in which more than one replacement has taken 
1 5 place can readily be tested in the same manner. 

This invention further contemplates a method of generating sets of combinatorial 
mutants of the subject proteins, as well as truncation mutants, and is especially useful for 
identifying functional variant sequences. One purpose for generating and screening such 
combinatorial libraries is, for example, to isolate homologs from the library which function in 
the capacity as one of either an agonists or an antagonist of the biological activities of the 
authentic protein, or alternatively, which possess novel biological activities all together. To 
illustrate, TYPl homologs can be engineered by the present method to provide homologs 
which lack phosphatase activity yet still retain the ability to bind to a CDK, e.g a CDK1 
bmdmg capacity, or which bind to other cell-cycle proteins and prevent the action of the 
naturally occurring form of the protein. Such mutants can therefore be dominant negative 
phenotypes of the subject pathogen TYPl enzyme, and can be used in, for example, gene 
therapy protocols that target delivery of a recombinant gene encoding a dominant negative 
TYPl mutant to a pathogen. 

For example, a combinatorial TYPl library is produced by way of a degenerate 
library of genes encoding a library of polypeptides which each include at least a portion of 
potential TYPl nucleotide sequences. A mixture of synthetic oligonucleotides can be 
enzymatically hgated into gene sequences such that the deeenerate set of TYPl nucleotide 
sequences are expressible as individual polypeptides, or alternatively, as a set of larger fusion 
proteins (e.g., for phage display) containing the TYPl sequence library therein In an 
illustrative embodiment, the library of TYPl phosphatase mutants is expressed in the 5 
pombe cdc25-22, weel-50 strain described below. Co-expression of the wild-type TYPl 
(e.g. a recombinantly produced TYPl from Candida, with a member of the TYPl variant 
library, ,n conjunction with detecting proliferation of the cells, will permit the identification 
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of dominant negative TYP1 mutants which are able to rescue the otherwise hyper-mitotic 
cell. 

There are many ways by which the library of TYP1 homologs can be generated from 
a degenerate oligonucleotide sequence. For instance, chemical synthesis of a degenerate 
5 gene sequence can be carried out in an automated DNA synthesizer, and the synthetic genes 
then ligated into an appropriate gene for expression. The purpose of a degenerate set of 
TYP1 oligonucleotide sequences is to provide, in one mixture, all of the sequences encoding 
the desired set of potential TYP1 sequences. The synthesis of degenerate oligonucleotides is 
well known in the art (see, for example, Narang, SA (1983) Tetrahedron 39:3; Itakura et al. 
10 (1981) Recombinant DNA, Proc 3rd Cleveland Sympos. Macromolecules, ed. AG Walton, 
Amsterdam: Elsevier polypeptide273 -289; Itakura et al (1984) Annu. Rev. Biochem. 53:323; 
Itakura et al. (1984) Science 198:1056; Ike et al (1983) Nucleic Acid Res. 11:477). Such 
techniques have been employed in the directed evolution of other proteins (see, for example, 
Scott et al (1990) Science 249:386-390; Roberts et al. (1992) PNAS 89:2429-2433; Devlin et 
15 al (1990) Science 249: 404-406; Cwirla et al (1990) PNAS 87: 6378-6382; as well as U.S. 
Patents Nos. 5,223,409, 5,198,346, and 5,096,815). 

Moreover, there are several forms of mutagenesis generally applicable, in addition to 
a general combinatorial mutagenesis approach. For example, homologs of the subject 
proteins (both agonist and antagonist forms) can be generated and screened using, for 
20 example, alanine scanning mutagenesis and the like (Ruf et al (1994) Biochemistry 33:1565- 
1572; Wang et al (1994) J Biol Chem 269:3095-3099; Balint et al (1993) Gene 137:109- 
118; Grodberg et al (1993) Eur J Biochem 218:597-601; Nagashima et al (1993) J Biol 
Chem 268:2888-2892; Lowman et al. (1991) Biochemistry 30:10832-10838; and 
Cunningham et al (1989) Science 244:1081-1085), by linker scanning mutagenesis (Gustin 
25 et al (1993) Virology 193:653-660; Brown et al. (1992) Mol Cell Biol 12:2644-2652; 
McKnight et al (1982) Science 232:316); or by saturation mutagenesis (Meyers et al (1986) 
Science 232:613). Such techniques will be generally understood to provides for reduction of 
the subject regulatory proteins to generate mimetics, e.g. peptide or non-peptide agents, 
which are able to disrupt binding of a naturally-occurring form of a protein of the present 
30 invention with other cell-cycle regulatory proteins of the pathogen from which it was derived, 
e.g. disrupts the binding of the pathogen TYP1 to a CDK. 

Thus, such mutagenic techniques as described above are particularly useful to map the 
determinants of the subject proteins which participate in protein-protein interactions. To 
illustrate, the critical residues of a TYP1 protein which are involved in molecular recognition 
35 of a cyclin-dependent kinase, such as CDK1, can be determined and used to generate TYP1- 
derived peptidomimetics which competitively inhibit binding of the phosphatase with the 
CDK (see, for example, "Peptide inhibitors of human papillomavirus protein binding to 
retinoblastoma gene protein" European patent applications EP-4 12,762 A and EP-B3L080A). 
By employing, for example, scanning mutagenesis to map the amino acid residues of one of 
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the subject TYP1 involved in binding E6, peptidomimetic compounds (e.g. diazepine or 
isoqumoHne derivatives) can be generated which mimic those residues in binding to CDK 
and winch therefore can inhibit binding of authentic TYP1 to CDK and thereby interfere with 
me function of TYP1 and/or the Kinase in proliferation of the pathogen. For instance, non- 
hydrolyzable pept.de analogs of such residues can be generated using benzodiazepine (eg 
see Freidinger et al. in Peptides: Chemistry and Biology, G.R. Marshall ed., ESCOM 
Publisher: Leiden, Netherlands, 1988), azepine (e.g., see Huffman et al. in Peptides- 
Cherntstry and Biology, G.R. Marshall ed., ESCOM Publisher: Leiden, Netherlands, 1988) 

eT eTcom^ T (GarVCy " ^ " PePtMeS: CkemiStry and Marshall 
ed., ESCOM Pubhsher: Leiden, Netherlands, 1988), keto-methylene pseudopeptides 

(Ewenson et al. (1986) J Med Chem 29:295; and Ewenson et al. in Peptides: Structure and 

Function proceedings of the 9th American Peptide Symposium) Pierce Chemical Co. 

Rockland, IL 1985), P -,um dipeptide cores (Nagai et al. (1985) Tetrahedron Lett 26:647; and 

Zlln L 1 ' ^ Tr0nS m P-inoalcohols (Gordon et al. 

(1985) Btochern Btophys Res Commun 126:419; and Dann et al. (1986) Biochem Biophys Res 
Commu, ,134:71). In similar fashion, mimetics can be designed which bind to any of the 
other subject regulatory proteins, or mimic their binding to other proteins 

Another aspect of the invention pertains to antibodies and antibody preparations 
specially reacti ve with at least one of the subject proteins. For example, by using peptides 
based on the cDNA sequence of one of the proteins represented in SEQ ID No, 7-12 and- 
protem/ann-peptide antisera or monoclonal antibodies can be made using standard meihod, 
A mamma, such as a mouse, a hamster or rabbit, can be immunized with an immunogenic 
form of the pept.de. Techniques for conferring immunogenic on a protein or peptide 
.nclude conjugat.cn to carriers or other techniques well known in the art. An immunogenic 
form of the protein can be administered in the presence of adjuvant. The progress of 
unmuruzat.on can be monitored by detection of antibody titers in plasma or serum. Standard 
ELISA or other .mmunoassays can be used with the immunogen as antigen to assess the 
evels ofanUbod.es. In a preferred embodiment, the subject antibodies are immunospecific 
for anngemc determinants of one of the pathogen-derived proteins of the present invention, 
e.g. armgemc determinants of a protein represented by one of SEQ ID Nos. 7-12 or a closely 
related homolog (e.g. 90 percent homologous, more preferably at least 95 percent 
homologous). In yet a further preferred embodiment of the present invention, antibodies do 
not substantially cross react (i.e. do not react specifically) with a protein which is: e.g. less 
than 90 percent homologous, more preferably less than 95 percent homologous, and most 
preferably less than 98-99 percent homologous with one of SEQ ID Nos 7-P B y "not 
substantially cross react", it is meant that the antibody has a binding affinity for a 
nonhomologous protein, particularly orthologous proteins from mammalian cell, which is at 
least one order of magnitude, more preferably at least two orders of magnitude, and even 
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more preferably at least three orders of magnitude less than the binding affinity of that 
antibody for one of the proteins of SEQ ID Nos. 7-12. 

An effective amount of a conjugate-containing composition is introduced into a host 
animal such as a goat, rabbit, mouse, rat, horse or the like to induce the production (secretion) 
5 of antibodies to the polypeptide. Effective amounts of immunogens useful for inducing 
antibody secretions in host animals are well known in the art. Methods of introduction into 
the host animal are also well known and are typically carried out by parental administration 
as by injection. A plurality of such introductions is normally utilized so that the host is 
hyperimmunized to the immunogenic polypeptide-containing conjugate. For example, 
10 weekly introductions over a one-to-two-month time period can be utilized until a desired 
anti-polypeptide antibody titer is achieved. 

Following immunization antisera can be obtained and, if desired, polyclonal 
antibodies isolated from the serum. To produce monoclonal antibodies, antibody producing 
cells (lymphocytes) can be harvested from an immunized animal and fused by standard 
15 somatic cell fusion procedures with immortalizing cells such as myeloma cells to yield 
hybridoma cells. Such techniques are well known in the art, and include, for example, the 
hybridoma technique (originally developed by Kohler and Milstein, (1975) Nature, 256: 495- 
497), the human B cell hybridoma technique (Kozbar et al, (1983) Immunology Today, 4: 
72), and the EBV-hybridoma technique to produce human monoclonal antibodies (Cole et 
20 al, (1985) Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc. polypeptide. 77- 
96). Hybridoma cells can be screened immunochemically for production of antibodies 
specifically reactive with the immunogen and monoclonal antibodies isolated from a culture 
comprising such hybridoma cells. 

The term antibody as used herein is intended to include fragments thereof which are 
25 also specifically reactive with one of the subject proteins. Antibodies can be fragmented 
using conventional techniques and the fragments screened for utility in the same manner as 
described above for whole antibodies. For example, F(ab ? )2 fragments can be generated by 
treating a full antibody with pepsin. The resulting F(ab')2 fragment can be treated to reduce 
disulfide bridges to produce Fab 1 fragments. The antibody of the present invention is further 
30 intended to include bispecific and chimeric molecules. 

An antibody preparation of this invention prepared from a polypeptide as described 
above can be in dry form as obtained by lyophilization. However, the antibodies are 
normally used and supplied in an aqueous liquid composition in serum or a suitable buffer 
such as PBS. 

35 Both monoclonal and polyclonal antibodies (Ab) directed against one of the subject 

regulatory proteins, and antibody fragments such as Fab' and F(ab')2, can be used to block the 
action of that protein and allow the study of its role in the cell-cycle or in cell proliferation. 
Moreover, such antibodies can also be used diagnostically to detect an infection involving 
Candida. 
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Moreover, the nucleotide sequence determined from the cloning of the subject 
regulatory protems wil, permit the generation of probes designed for use in identifying the 
presence of a Candida infection such as an infection involving C.alBicans. For instance the 
present mvention provides a probe/primer comprising a substantially purified 
5 ol^onucieotide, wherein the oligonucleotide comprises a region of nucleotide sequence 
wh.ch hybndazes under stringent conditions to at least 10, more preferably 25, 50 or 100 
conserve nucleotides of sense or anti-sense sequence of one of SEQ ID Nos- 1-6 or 
naturally occurring mutants thereof. I„ pre ferred embodiments, the probe/primer further 

I 3 t gr ° UP attaChCd md t0 be deteCted ' «* label group is 

ntm 7 8r ; UP . COnSiStin8 ° f radi °« fl ~t compounds, enzymes, and 
enzyme co-factor, Such probes can be used as a part of a diagnostic test kit fortifying 

T* *ITT S P myCMiC infCCti0nS ' SUCh " in 3 ° f Cdls from * P«iem. or 

in a foodstuff, or on equipment. 

The present invention also provides assays and reagents for identifying anti-fungal 
and amt-pa™,* agents, e.g. ag e nts which ac, to inhibit proliferation of a pathogen by 
. tenng the achvityof one or more of the subject pathogen proteins. To Hlnstil, inhib ,1 

OOColtW l K " " ^ ~ d ta "» «— <* — - 

ZETZ, ST COmm0nly deWi,attd "' d *»"—«— P— L 

tanho™ .T '° ^ in I"— » «<* «— I- »d 

uT nrT' "T ™ reCeiVin8 ta """-W«^ fherapy, and in patients with 
sueh predtspostng factors as diabetes nteliitna or AIDS, where fungaf infections are a 
pamcu,ar proMetn. TYP, inhibitors can be genemted for _ of myeofic infections 
caused by, for example, Candida aWicans, Candid sleU a,oidea. Candida tropicalis, 

cZ2"7T r C 7f° Cam " da auttler^andii. 

Candida glao^ Candida lusianiae, or cm*k. ng osa. Anfi-pro.iferative agents 

foodstuff, as a feed snppienten, for promoting weigh, gain in livestock, or in disinfectant 
aTro^rVT 2 ™*"' ° f «*• «- ^mating hospital equipment 

human TYP. relative to one of the Candida TYP, enzyme, can be used to identify aaents 
that exmbt, specfic tnhibitory effects directed a. the form of the subject TYP1 p^tein 
pntsen. m the pathogen, without substantially inhibiting a CDC25 phosphatase in human or 
other annua, cells. Thus, by making available purified and recombinant proteins, the present 
mvention tain, the deve.opme„, of assays which cat, be used to screen for dru 2 s which 
are etfher agents* or antagonists of the normal cellular function of the subjecf regulatory 
profems. An mhtbffor, as identified in the subject assays, fs an agent which is able ,o cause! 
s«,s,tcal,y stgntficam decrease in one or more profiferative activities of a regulatoty protein 
of the present invention. F 
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In many drug screening programs which test libraries of compounds and natural 
extracts, high throughput assays are desirable in order to maximize the number of compounds 
surveyed in a given period of time. Assays which are performed in cell-free systems, such as 
may be derived with purified or semi-purified proteins, are often preferred as "primary" 
5 screens in that they can be generated to permit rapid development and relatively easy 
detection of an alteration in a molecular target which is mediated by a test compound. 
Moreover, the effects of cellular toxicity and/or bioavailability of the test compound can be 
generally ignored in the in vitro system, the assay instead being focused primarily on the 
effect of the drug on the molecular target, as may be manifest in an alteration of binding 
10 affinity between one of the subject proteins and other proteins with which they interact, in 
changes in enzymatic activity of one of the subject proteins, or in changes in a property of the 
molecular target manifest from binding to one of the regulatory proteins. 

Accordingly, in an exemplary screening assay of the present invention, the compound 
of interest is contacted with an isolated and purified TYP1 polypeptide which is ordinarily 
15 capable of binding a cyclin-dependent kinase. To the mixture of the compound and TYP1 
polypeptide is then added a composition containing a CDK polypeptide. Detection and 
quantification of CDKTYFT complexes provides a means for determining the compound's 
efficacy at inhibiting (or potentiating) complex formation between the CDK and TYP1 
polypeptides. The efficacy of the compound can be assessed by generating dose response 
20 curves from data obtained using various concentrations of the test compound. Moreover, a 
control assay can also be performed to provide a baseline for comparison. In the control 
assay, an isolated and purified CDK is added to a composition containing the TYP1 protein, 
and the formation of CDK/TYP1 complexes is quantitated in the absence of the test 
compound. Efficacy of an agent is based on producing a statistically significant change in 
25 formation of such complexes relative to the control. It will be understood that, in general, the 
order in which the reactants may be admixed can be varied, and can be admixed 
simultaneously. 

Complex formation between the TYP1 polypeptide and CDK polypeptide may be 
detected by a variety of techniques. For instance, modulation of the formation of complexes 
30 can be quantitated using, for example, detectably labeled proteins such as radiolabeled (e.g. 
32p, 35 S , He or 3H), fluorescently labeled (e.g. FITC), or enzymatically labeled 
polypeptides, by immunoassay, or by chromatographic detection. The use of enzymatically 
labeled TYP1 or CDK proteins will, of course, generally be used only when enzymatically 
inactive portions of those proteins are used, as each protein can possess a measurable intrinsic 

35 activity which can be detected. 

Typically, it will be desirable to immobilize one of the two polypeptides to facilitate 
separation of complexed from uncomplexed forms of one or both of the proteins, as well as to 
accommodate automation of the assay. Binding of the CDK to TYP1, in the presence and 
absence of a candidate agent, can be accomplished in any vessel suitable for containing the 
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reactants. Examples include microtitre plates test t»lv»c a 

embodiment, a fusion protein can be provided ^ a !' H lUbes - In « 

be bound to a matrix For examnle w u 3 2111 ** al,0WS Ae P rotein to 
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As alluded to above, intrinsic enzymatic activities can be relied upon to detect the 
efficacy of an agent against TYP1. The detection of the TYP1 phosphatase activity is 
described in more detail below. However, the downstream targets of TYP1, such as a CDK, 
may also have an intrinsic activity which can be utilized to quantitate the interaction with 
5 TYP1. In an exemplary embodiment, an enzymatically active TYP1 is contacted with a 
phosphorylated CDK/cyciin complex, e.g. CDK1/CYB1, under conditions wherein, absent an 
inhibitor of the TYP1, that enzyme would dephosphorylate and activate the CDK/cyclin 
complex. Activation could be detected by conversion of a substrate for the kinase complex, 
such as phosphorylation of a histone HI protein with 32 P-labeled phosphate. 
10 For processes which rely on immunodetection for quantitating one of the proteins 

trapped in the complex, antibodies against the protein, such as either anti-CDK or anti-TYPl 
antibodies, can be used. Alternatively, the protein to be detected in the complex can be 
"epitope tagged" in the form of a fusion protein which includes, in addition to the CDK 
polypeptide or TYP1 sequence, a second polypeptide for which antibodies are readily 
15 available (e.g. from commercial sources). For instance, the GST fusion proteins described 
above can also be used for quantification of binding using antibodies against the GST moiety. 
Other useful epitope tags include myc-epitopes (e.g., see Ellison et al. (1991) J Biol Chem 
266:21150-21157) which includes a 10-residue sequence from c-myc, as well as the pFLAG 
system (International Biotechnologies, Inc.) or the pEZZ-protein A system (Pharamacia, NJ). 
20 Moreover, the subject polypeptides can be used to generate an interaction trap assay, 

as described in the examples below (see also, U.S. Patent No. 5,283,317; Zervos et al. (1993) 
Cell 72:223-232; Madura et al. (1993) J Biol Chem 268:12046-12054; Bartel et aL (1993) 
Biotechniques 14:920-924; and Iwabuchi et al. (1993) Oncogene 8:1693-1696), for 
subsequently detecting agents which disrupt binding of TYP1 to a CDK or other cell-cycle 
25 regulatory protein, such as a cyclin. 

The interaction trap assay relies on reconstituting in vivo a functional transcriptional 
activator protein from two separate fusion proteins, one of which comprises the DN A-binding 
domain of a transcriptional activator fused to a binding partner of TYP1, such as a CDK. The 
second fusion protein comprises a transcriptional activation domain (e.g. able to initiate RNA 
30 polymerase transcription) fused to the TYP1 polypeptide. When the CDK and TYP1 
domains of each fusion protein interact, the two domains of the transcriptional activator 
protein are brought into sufficient proximity as to cause transcription of a reporter gene. By 
detecting the level of transcription of the reporter, the ability of a test agent to inhibit (or 
potentiate) the interaction can be evaluated. Commercial kits for generating interaction traps 
35 are presently available (e.g., MATCHMAKER Kit, Clontech catalog No. kl605-L Palo Alto) 
and, in light of the present disclosure, can be modified for use as drug screening assays. 

In an illustrative embodiment, Saccharomyces cerevisiae YPB2 cells are transformed 
simultaneously with a plasmid encoding a GAL4db-CDK fusion and with a plasmid encoding 
the GAL4ad domain fused to a the Candida TYP1. Moreover, the strain is transformed such 
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wtach provrdes a negarive seieerion (e.g., are cym.oxic) when expressed such J^Z 
whrchdrsnrpr CDK^YP, infractions confer posirive growd, se.ec.ion ,o *. ceils. 
10 1, w„, be apparent dta., i n similar fashion ,o the exemplary TYPl-derived assays 

each of me odter a**, regnlarory pro,eins can be used ,o genera,e eouivaienZg 
screening assays which provide a P ro,ein-pro,ein infraction as me inning Urge. For 
example, each of ft. CYB,. MOC1 and CKS1 pro,eins can be used ,o geneL assays f 
de.ecungagen.swh.ehinhibirin.eraetionwi.haCDK.suehasCDKl 

Moreover, for each of dre subject regulatory proteins which have intrinsic enzvmatic 
activities, such as the TYP1, CDKI MOC1 and run , • t enzymauc 
nravid«m«^. a , . K1 P rottms . ihe present invention 

provides methods and reagents for ,de„,i(y tag agems which inhibi , ^ 

meTr ? T, ^ ™ raeChaniSm b - d ° f - — S- 

mereiy dtsruPtmg me formadon of a protein C omp,ex. Inhibitors of 

ar, be , den , lfled , for examp)e ^ ^ _ d ^ ^ <™y 

tnhib, catalytic conversion of a substrate by one of the subjee, chymes. Agl using^P , 
as a^ lushauve embodiment, a molecule or compound (e.g. a agent") to be asse^I 

25 mainZd H ' H " * ""*«* - 

— ed under conditions appropriate for dte TYPI enzyme ,o ac, upon the substmte. The 

conversion of the substrate to product by the subject TYP, enzyme is assessed, and the resul. 

compared to me mm or lev., of conversion of the subsume in the absenceof ,„e res, agent A 

smusncauy stgmfican, decrease in the acdviry of the TYPI phosphate in the preLe of 

30 r T Ti. " ' deCrcaSt " C °" VerSi0 " ° f sutoaK » -»»«. Yearns tha, me 
30 test agent is an inhibitor of the pathogen TYPI. 

sv ,h ,'" emb0dim,:nB ' ' he S0baraK °f *e TYPI tyrosine phosphamse is a 

abtl h- 1 7' t 2 ^ ° r ' 5TOSine - fc * « • colorimet™ or fluorescent 
abe. which ts detectable when me substrate is catalytically acted upon by the TYP,. As used 
herein cofonmetric" refers to substrates defecmbfe by change in absorpdon or fluorescent 

(t^TflT jT? SyD,he,iC taClUdE P-ni-phenyiphosphate 

(PNPP), fluorosceindiphosphate (FDP), 3-O-methylfluoroscefn phosphate (3-MFP). Other 
chromogemc substrates inc.ude 3-(p-hydroxy P henyl) propionic acid (HPPA), 2-Naphmyl 
Phosphate , P yndoxal phospham, adamanry, 1,2-doxetance phosphate, dilium 3-(4 
medtoxysp.ro, „,2-d,oxemne-3,2'-( 5 ..h,oro) ujcyCo [3.3.,.,, dec^M-y,, pbjy, 
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phosphate, Thymolphtalein monophosphate, 3-indoxyl phosphate and the like. ^ Yet other 
substrates include radiolabeled peptides, such as peptides containing 32 P _i a b e led 
phosphotyrosines, e.g. tyrosine phosphorylated forms of reduced carboxamindomethylated, 
maleyated lyzosyme (RCML) or CDC-derived peptides, wherein release of the radiolabel can 

5 be detected and correlated with TYP 1 enzymatic activity. 

In an illustrative embodiment, the method comprises the steps of: (a) combining a 
compound to be assessed, the subject Candida TYP1 (purified or semipurified), and a 
synthetic substrate of the pathogen TYP1 tyrosine phosphatase comprising a colorimetric label 
which is detectable when the substrate is acted upon by the TYP1 (e.g., p- 

10 nitrophenylphosphate); (b) maintaining the substrate/enzyme/test compound combination 
under conditions appropriate for the pathogen-derived TYP1 to act upon the substrate; and (c) 
determining, by colorimetric assay, the extent to which the TYP1 enzyme present in the 
combination acted upon the substrate, relative to a control, the control comprising the TYP1 
and the substrate. If the subject TYP1 enzyme acts upon the substrate to a lesser extent than 

15 in the control, the compound is an inhibitor of the pathogen TYP1 tyrosine phosphatase 
activity. 

In yet another embodiment of the present invention, inhibitors of the subject 
regulatory proteins which are involved in positive growth regulations are identified through 
their ability to rescue an otherwise hyper-mitotic cell from mitotic catastrophe, e.g. such as 
20 described in U.S. Patent Application 08/073,383. The term hyper-mitotic cell denotes a cell 
having an impaired cell-cycle regulatory protein which can cause premature progression of 
the cell though at least a portion of the cell-cycle and ultimately resulting in cell death. The 
hyper-mitotic cell of the subject assay can be generated, for example, by disrupting 
expression of a gene whose product acts antagonistically to one of the subject proteins, by 
25 overexpressing one of the subject proteins, or a combination thereof. In preferred 
embodiments, the impaired checkpoint of the hyper-mitotic cell would, in normal ceUs, 
otherwise act as a negative regulator of downstream mitotic events induced by one of the 
regulatory proteins of the present invention. Impairment of such a negative regulator 
consequently allows the cell to proceed aberrantly toward subsequent mitotic stages and 
30 ultimately inhibits faithful proliferation of the cell. In the presence of an agent able to 
inhibit the function of the targeted regulatory protein, progression of the hyper-mitotic cell 
through the cell-cycle can be slowed to enable the cell to appropriately undergo mitosis and 

proliferate with fidelity. 

The present assay therefore provides a simple and rapid screening test which relies on 
35 scoring for positive proliferation as indicative of agents able to inhibit the function of, for 
example, one of the Candida regulatory proteins of the present invention, e.g., TYP1, CDK1, 
CYB1 or MOC1 . One advantage of the subject assay is that while direct inhibition of growth 
can be caused by any toxic compound added to a proliferating cell culture, growth 
stimulation in the present assay will only be achieved upon specific inhibition of the targeted 
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regulatory protein. Another advantage of the present assay is the amenity of the assay to high 
through-put analysis. y g 

With regard ,o the hyper-mhotic cell of the presen, assay, impainnen, of the 
regulatory pro.e,„ can be generated so as to be either continual or conditional. A conditional 

TT B 7 mm C CheCkP ° in ' " mim "™ ly 0pera,i0nai Und " s °™ ~«"» such 
that the cell may prohferate and be nraintained by eel, culntre techniques; and be rendered 

moperattve, or ahemative.y hyper-opetative. under other conditions. ,n fhe instance of*. 

dlustranve weel-50 mutan, described below, the impaired checkpoint is effectively 

inoperative ,o an extent tha, the impairment aUows aberrant mitosis ,o occur which concludes 

m mtmue ca^phe A continual impainnen,. on the other hand, is one ma, is ever-presen, 

and whtch allows prohferation of me cell under conditions where there is no need ro halt the 

TUT T""?* " ** ° f "yper-mimtic cell, results in mitone 

camstrophe under condmons where the eell-cycle must be halted, sueh as in the p resence „f 
DNA synthesis inhibitors or DNA damaging agents. 

™, '^T** Pa ' hWayS WhiCh fced im ° m0dulatt °f » CDK, such as 

eZi; ""T '° h ^-* i »<* "« °f *. Present assay. For 

m^Zld T T. "* ****** Ph0Spho ^ ti "" ° f cyelm-dependen, kinases is 

mediated by a, leas, two .yrosine kinases, inirially identified in fission yeas, and known as 
wee : and mikl Russell e, of. (,987) Cell 49:559; Lundgren e, at (.99.) Cell 64.UV 
Feamersmne e,al (I 991) AWe 349:808; and Parker e.al. H99l)EMBO 10H255) TVse 

ofTV.'," t"""; inhibi,O^S • "«»«-*- ° f ««* — ceUs to arres, in the G2 
plttse of fire cell-eycle. For instance, ovemxpression of weel has been shown ,o cause 
intense phosphorylation of CDC2 (CDC28 in budding yeas.) which results in cell-cycle 
arrest. Conversely, loss of function of weel causes advancemen, of mitosis and cells enter 
m.tosis a, approx,ma,ely half the normal size, whereas loss of wee. and mikl function causes 
grossly premature initiation of mitosis, uncoupled from all checkpoint, ma, notmally restrain 
eel d,v,s,o„. TTtus, wee! and mikl, or homologs thereof each represent suifable regulator 
proteins which could be impaired to generate ,he hyper-mitotic oel. of fhe presen, assay 

Furthermore, ,. is apparent fha. enzymes which modulafe the activity of die weel or 
mikl kinases can also be pivofal in continuing the precise timing of mitosis. For example 
the level of fte nintl/cdrl protein, a negafive regulafor of me weel pro,cin kinase, can have a 
pronounced impact on ,he rate of mitotic initiation, and niml « have been shown ,„ be 
defective ,n responding to nutritional deprivation (Russel et al. (,987) Cell 49:569- and 
Fe.lotier e, al. (199.) Generic 127:309). Over-expression of nhn, (such as fhe S. P o mb e 

IT „ mu,an , Z resu " in inhibi,ion of the weel kinast and «» I"*— 

regulation of mitotic progression in response to DNA synthesis inhibition 

,1992, «T° f ;«tTi ^ SUCh " *" SP ° mbe ""'- 50 - " Rowley e, al. 

(1992) Na.ure 356:353), are well known, m addition each of the weel. mikl. and niml 



: <WO 9639527A1_I_> 



WO 96/39527 




PCTAJS96/08807 



genes have been cloned (see for example Coleman et al (1993) Cell 72:919; and Feilotter et 
al (1991) Genetics 127:309), such that disruption of weel and/or mikl expression or over- 
expression of niml can be carried out to create the hyper-mitotic cell of the present assay. In 
a similar fashion, over-expression of weel and/or mikl or disruption of niml expression can 
5 be utilized to generate a hypo-mitotic cell. 

The hyper-mitotic cell of the present assay can be generated by manipulation of the 
cell in which one of the subject regulatory proteins expressed, as for example, by generating a 
weel mutation (a "wee" phenotype), or by exposure of the cell to 2-aminopurine or caffeine 
after a y-radiation induced G2 arrest. It is also deemed to be within the scope of this 
10 invention that the hyper-mitotic cells of the present assay can be generated so as to comprise 
genetically engineered cells which express recombinant (e.g. heterologous) forms of the 
subject proteins. For instance, each of the subject recombinant TYP1, CDK1, MOC1 and 
CYB1 genes can be expressed in cells other than Candida, but in which the Candida gene is 
able to rescue lack-of-fiinction mutations of the orthologous activity is the host cell. For 
15 example, the subject TYP1 gene can be used to replace the endogenous CDC25 gene of a 
hyper-mitotic Schizosaccharomyces cell, such as an S. pombe cell like the temperature- 
sensitive cdc25-22, weel-50 mutant described below. 

Moreover, in addition to complementation of CDC25-defective cells with the subject 
TYP1, the reagent cells of the subject assay can be further engineered to also express other 
20 exogenous cell-cycle proteins which interact with TYP1, e.g. Candida CDK. In an 
illustrative embodiment, a hyper-proliferative cell in which a Candida TYP1 is exogenously 
expressed can also be engineered to produce a Candida CDK (CDK1) and (optionally) a 
Candida cyclin (such as CYB 1 ) and/or a CAK (e.g. MOC1 ). In this manner, the reagent cells 
of the present assay can be generated to more closely approximate the natural interactions 
25 which the pathogen phosphatase might experience. 

In other embodiments, manipulation of cell-cycle regulatory pathways with certain 
drugs, termed here "hyper-mitotic agents", can induce mitotic aberrations and result in 
generation of the hyper-mitotic .cell of the present assay. For instance, caffeine, the protein 
kinase inhibitors 2-aminopurine and 6-dimethylaminopurine, and the protein phosphatase 
30 inhibitor okadaic acid can cause cells that are arrested in S phase by DNA synthesis 
inhibitors to inappropriately enter mitosis (Schlegel et al (1986) Science 232:1264; Schlegel 
et al (1987) PNAS 84:9025; and Schlegel et al (1990) Cell Growth Differ. 1:171). Further, 
2-aminopurine is believed to be able to override a number of cell-cycle checkpoints from Gl, 
S phase, G2, or mitosis. (Andreassen et al (1992) PNAS 89:2272; Andreassen et al (1991) 
35 J. Cell Sci. 100:299, and Steinmann et al (1991) PNAS 88:6843). For example, 2- 
aminopurine permits cells to overcome a G2/M block induced by y-irradiation. Additionally, 
cells continuously exposed to 2-aminopurine alone are able to exit S phase without 
completion of replication, and exit mitosis without metaphase, anaphase, or telophase events. 
The effect of inhibitors of, for example, TYP1 function can therefore act to slow the 
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eZ3°,H °i *" ^ ** **** "* " SPPropriatt concentrations, offte, the 
effec,s of the hyper-mttouc agen, so as .o permi, cell grow* rafter man mitotic caiastrophe 

mav be d 7"' * " ** ° f CataS,r ° phe h * £ hyper-mi^ic celHi 

5 Zh d ' T" '° " <i £ - 2 Ch = miCal " -ironmenia, stimulus) 

5 whtch ordmanly mduces cell-cycle arrest InappropriaK exi, from the chemically. J 

checkpom, can ^„ma,ely be lethal to the cell. Sach arresting agents can include expLe I 
DNA damagmg radtanon or DNA damaging agents; inhibition of DNA synthesis and repair 

10 7b-, r*™"* lnhibi ' 0rS ~* M hydr ° Xy - a - a P h »olin; ."PoisomeL 
Ltltr " ■• dim ^«^»^» (VM-26); or agen. which interfere Z 
mtcrotubulc-assembly, such as Nocadazole and taxol. By way of example, the weel-50 

caffeme 2-anunopunne. or 6-d,me,hyl-anrinopurine. Each of these compounds can suppress 

^ ' C ° mPlC ' ed - Inhibki ° n ° f TYPI °f a CDK/cyclin 

complex may result „ an offsetting effect which slows cell-cycle progression such , ha, a. 

ZZZ TYP1 - -cue ute hyper-mitoti ce, 

Addmonally, m cemtn cells, nurritional stams of tire cell, as well as mating factors can 
cause arrest of the nomral cell during mitosis 

20 yeas, or^er? "-"I " ** *"* ' " " U,M - «» - du - d * "aceria, 
s^ r^nndo m ?' 8 ' Ctenica "* —» "-oleeules, 

'* ° r *» -ay can be carried „u, in any 

25 Z. 7k ^ Pr0Kim WO " id 66 eXPKKd '° «*" «»^le progr Jon of 

25 eve the hyper-m,,o„c cells, i, win rypicaUy be desirable ,o perform the assay a. various 

can be added to rite hyper-mrtottc cell such that a, leas, one concentration ,es,ed the ami- 
m„o„c agen, rnhrbus Ute regula,ory pro,ein » an extent necessary ,o adequately slow me 

30 IT 5 ' 0 " f ? ' hr0U8h "* Ce "- Cyde ' ° M n °' * * e ™ — i .o "ompLt 
30 inhibu entry of the cell into mitosis all toaether. completely 

a candidlr ,if, T 0n Pr ° lifera,i0 " ° f "» "W— tele cel. in ,he presence and absence of 
LLt T meaSUred " Si " 8 " nUmber ° f tehni "^ k»ow» in the art. 

mvolves prohfemnon m a liquid medium, .urbidimeuic rechniques can be utilized (= g 

h, h b ^ T ° f ' ieh ' ° f 3 giVe " WaVelM8 ' h ^ - For examp e 

t e embodtmen, wherein me reagent eel, is a yeas, cell, measurement of absorbence of 
hgh, a a waveleagu, be,ween 540 and 600nm can provide a convenientiy fas, measure of eel, 
gnmh. Ltkewtse, ab,h,y to form colomes in solid medium (e.g., agar) can be used to readilv 
score for prohferauon. Botir of mese techniques, especial* wim respec, ,o yeas, cells are 
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suitable for high through-put analysis necessary for rapid screening of large numbers of 
candidate agents. In addition, the use of solid media, such' as agar-based plates, can further 
aid in establishing a serial dilution of the candidate agent. For example, the candidate agent 
can be spotted on a lawn of reagent cells plated on solid media. The diffusion of the 

5 candidate agent through the solid medium surrounding the site at which it was spotted will 
create a diffusional effect. For agents which inhibit the targeted regulatory protein, a halo of 
cell growth would be expected in an area which corresponds to concentrations of the agent 
which merely offset the effect of the impaired checkpoint, but which are not so great as to 
over-compensate for the impairment or too little so as to be unable to rescue the cell. 

10 To further illustrate, other proliferative scoring techniques useful in the present assay 

include measuring the mitotic index for untreated and treated cells; uptake of detectable 
nucleotides, amino acids or dyes; as well as visual inspection of morphological details of the 
cell, such as chromatin structure or other features which would be distinguishable between 
cells advancing appropriately through mitosis and cells concluding in mitotic catastrophe or 

1 5 stuck at certain cell-cycle checkpoint. 

Exemplification 

The invention now being generally described, it will be more readily understood by 
reference to the following examples which are included merely for purposes of illustration of 
20 certain aspects and embodiments of the present invention, and are not intended to limit the 
invention. 

As described herein, we have isolated and characterized several genes from Candida 
which encode proteins that regulate progress of the Candida cell through mitosis and/or 
meiosis. As described in example 1, a phosphatase, TYP1, was cloned from C. albicans, and 

25 determined to be related to the CDC25 phosphatase gene family. To validate the identity of 
the isolated gene, we demonstrate that it is able to rescue a temperature sensitive allele cdc25- 
22 of fission yeast. To salient features of the Candida TYP1 gene are: although the TYP1 
gene has less than 50% homology with yeast cdc25 genes, and less than 10% homology with 
the human cdc25 genes, the enzyme apparently performs the same function in regulation of 

30 cell cycle progression. Furthermore, despite earlier reports that certain preparations of the 
cdc25 phosphatase would not hydrolyze synthetic substrates in vitro (see Gautier et al. (1991) 
Cell 67:197-211, recombinant forms (including bacterially expressed) of the Candida TYP1 
enzyme are able to hydrolyze such substrates. 

35 Example 1 

Cloning of Candida TYP1 
In order to isolate a gene encoding a Candida TYP1 phosphatase, the degenerate 
oligonucleotides ATGGATCCYTTRTANCCNCCRTSNARNANRTANAYNTCNGGRTA, 
ATGGATCCATIATIGAYTGYMGITWYCCITAYGA, and ATGGATCCATIATIGAYTG- 
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>5aA) by standi PGR protocols. The PCR reaction products were separated on , 
ow melttng agarose ge, tha, identified . skab|e J « ' 2 ^ 

fragment was cloned into the pCRII vector (TA Coning system, /„vL ?£ „) 1 * 
■ nudeo.,de sequence confirmed the identity of me insert as a hkely TYPI phosptal DNA 
probes were genemed as nick translation products of thc ^ * 

^r screen C. oWicans cDNA iibraries. Larger cDNA Cones isoUted ^ 
techmque, and sequenced. The sequence of the open reading flame of me Candida TYPI 
gene ,s given inSEQ.ID. No. ,. which aiso inCudes bo* , and y non-codrng^T 

ability 1^1 V " iS ° laKd CDNA ' *° TYP1 *- — —d for its 

1 2kbn E ^ lemPeramre SenSWVe a " de "* J *° ° f "» fissi ™ Briefly a 

PART TYP i «^ Sma i T e PART ' VeCt ° r ' ** reSUlti ^ «« designated 

PART-TYP1. As descnbed ,„ the Uterature, e.g. see WO 94/28914 , the pART, vecor 

£ ceremrne LEU2 gene as a marker which complements the UuI-32 mutant in S combe 
Transformants growing on medinm lacldn8 leucine ^ ^ 

g~ e r^r (3 T C) - " r " ,hat ° n,y - - « - 

gene «™ able to fonn colontes. Microscopic observations of the cells revealed Are rescue 

from the cell elongaflon typical for this mmant a. msrricuve temperature 

with JSf °' i " ,am f TYP1 CDNA •« «- -bsequently used to derive a fusion protein 

was Coned mro the EcoRJ s„e of pGEX-4T-l (Pharmacia). Expression of the fusion protein 
n R col, was mduced by addition of ,PTG (ImM) ,o ,he culture medium After 4 huTof 
dus regrmen. cells were pelleted and resuspended in PBS plus various pro^T^Z 
Tire ce.l suspense was ftten sonicared and centrifuged ■„ pellet the eel, debris The so ubTe 
fraction was co ected and analvzed on qnc pare a. soluble 
exuression of ,h, fi ■ SDS-PAGE and tested for phosphatase activity. The 

express™ of the fttston protem was confirmed by Western Blot using an and-OST antibody 

As demonstrated in Fieures 1A and IB th u „ anttooay. 

active ,„,i„ CT h «. t recombinant CWiVfa TYPI phosphatase was 

active agams, both para-mtrophenylphospate and fluoroscein diphosphate. 

Example 2 
Cloning of Candida albicans CKS1 

Coned focTf T^l " ^ C '° ni " 8 ° f ** TWI « — ■«*• «- 

PtTf^J ° ^ ^^ARDATRTGNOOYTC. As above, the 

DNA probes were genemted as 32p., abeled ^ ^ 
screen a C. u»,^ cDNA fibrary. Larger cDNA Cones isolated by fids teCuiique^ 
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sequenced. The nucleotide sequence for the CKS1 open reading frame, plus flanking 
noncoding sequence, is provided in SEQ. ID. No. 2. 

The CKS1 coding sequence was subcloned into a pQE vector (Qiagen), and used to 
produce native proteins. The purified proteins should isolate the Candida CDK1 from cell 
5 lysates. 

Example 3 

Cloning of a Candida cyclin-dependent kinase 
Using the degenerate oligonucleotides TCNGGNGCNCKRTACCANARNGT and 
10 GGNGARGGNACNTAYGGNGTNGT, a cyclin-dependent kinase was isolated from a C 
albicans genomic library by PCR. The amplification program consisted of 30 cycles: 94°C 
for 1 min., 50°C for 1 min., and 72°C for 1 min. Two major PCR reaction products were 
generated, separated on an agarose gel, and subsequently cloned into the pCRII vector, 
followed by standard Sanger sequencing. One of the two clones, a 490bp fragment, exhibited 
1 5 a reasonable degree of similarity with other members of the CDK gene product family and 
was accordingly used to screen a C albicans cDNA library. 

Purified probes were generated as 32 P-labeled nick translation products, and 
hybridization was performed at 53°C overnight in Church's solution (7% SDS, 250mM NaP 
pH 7's, 10, mM, EDTA, pH7) and filters were washed twice at the same temperature in a 
20 buffer obtaining 2 x SSC and 0.1% SDS. The open reading frame for the cyclin-dependent 
kinase, referred to herein as CDK1, is given in SEQ. ID. No. 3. 



Example 4 

25 Cloning of aC albicans cyclin 

As above, the degenerate primers GANGANYKNGMNGANCCNYTNATG and 
ATNCKNCKNARRAARTTCAT were used to amplify C. albicans genomic DNA. The 
amplification program consisted of 30 cycles: 94°C for 1 minute, 43°C for 1 minute, and 72° 
C for 1 minute. Two reaction products of about 450 and 700 bp were separated on an agarose 

30 gel. The 450 bp DNA fragment was reamplified and cloned into the pCRII vector and then 
used to screen a C. albicans cDNA library. An apparent cyclin B homolog, referred to herein 
as CYB1, was isolated from the cDNA library. The open reading frame for this cyclin is 
given by SEQ. ID. No. 4. 

35 In C. albicans and C. maltosa, the CUG codon, which encodes leucine in the 

universal codon usage, is believed to be translated as serine (amino acid residues 301 and 383 
of SEQ ID NO. 4). See, for example, Sugiyama et al. (1995) Yeast 1 1 :43-52 and Zimmer et 
al. (1995) Yeast 11:33-41. Accordingly, it will be understood that an equivalent gene for 
expression in other cells can be modified at these positions to a codon for serine. However, it 

40 is noted that expression of the CYB1 gene in S. pombe produced what is apparently a 
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functional protein, suggesting that these residues do not effect the biological activity of the 
cyclin, or that Sugiyama et al. were incorrect. 

Sequence CLUSTAL alignment method (Higgins et al. (1992) Comp. Appl. Bio-Sci. 
5 8:189-191) was run on the MegAlign program in the DNAStar package showed that the C. 
albicans CYB1 gene product is 34.8%, 34.4%, 35.5.%, 33.3%, and 33.7% identical to the S 
cerevisiae Clbl, Clb2 (Fitch et al. (1992) Mol. Biol. Cell 3:805-818). S. pombe Cdcl3 
(Booher et al.(1988) EMBO J. 7:2321-2327; Hagan et al. (1988) J. Cell Sci. 91:587-595) 
Cig2 (Connolly et al. (1994) Mol. Cell. Biol 14:768-776) and A. nidulans NimE (O'Connell et' 

10 al. (1992) EMBO J. 11:2130-2149) proteins, respectively. Percentages of identity increase up 
to 57% when only the C-terminal parts, containing the cyclin box, of the fungi B-type cyclins 
are aligned. The destruction box (RQYLGDVSN, amino acids 67 to 75 of CYB1) matches 
perfectly the consensus RxxLxxxxN which is essential for cyclin degradation via the 
ubuquitin pathway (Glotzer et al. (1991) Nature 349:132-138). The P box, which is required 

15 for Cdc25 activation by the MPF complex (Galaktionov et al. (1991) Cell 67 1181-1 194- 
Zheng et al. (1993) Cell 75:155-164) is also present on the C. albicans Cybl protein (amino 
acids 237 to 268, SEQ ID NO. 4). Cybl P box is 58.8%, 64.7%, 67.6%, 61.8% and 70.6% 
identical to the S. cerevisiae Clbl, CIb2, 5. pombe Cdcl3, Cig2, and A. nidulans NimE P 
boxes, respectively. 

20 

Example S 

C. albicans CDK1 complements the S. pombe cdc2-33 temperature sensitive mutation. 
To test if the CDK1 cDNA is a functional gene the full length CDK1 cDNA was 
cloned into the 5. pombe pARTl expression vector (McLeod et al. (1987) EMBO J. 6:729- 
736), yielding pCDK1.5. pARTl contains the S. cerevisiae LEU2 gene that complements a 
S. pombe leul-32 mutation, the S. pombe arsl sequence, and the S. pombe adh promoter 
which initiates strong and constitutive transcription. pCDK1.5 was used to transform the 
temperature sensitive S. pombe cdc2-33 strain (Nurse et al. (1976) Nature 146:167-178). 
Transformants were obtained at 25°C, which is the permissive temperature for cdc2-33. 
They were then streaked for single colonies and incubated at 25°C, 35°C, or 37°C. The C. 
albican CDK1 gene enables a S. pombe cdc2-33 strain to form colonies at both 35°C and 37° 
C, however, complementation is not as good as when the 5. pombe wild-type cdc2 gene is 
used. 

Example 6 

C. albicans CYB1 complements the S. pombe cdcl 2-1 17 temperature sensitive mutation. 
To test if the CYB1 cDNA is a functional gene the full length CYB1 cDNA was 
cloned into the S. pombe pARTl expression vector (Mc Leod et al. (1987) EMBO J. 6:729- 
736). The resulting plasmid P CYB1.5 was used to transform a temperature sensitive S. 



25 



30 
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pombe cdcl3-117 strain (Nasmyth et al. (1981) MoL Gen. Genet. 182:119-124). 
Transformants obtained at 25°C were then streaked for single colonies and incubated at 25°C, 
35°C, or 37°C. The C albicans CYB1 gene product is able to rescue a S. pombe cdcl3-117 
mutation at 35°C, but no colony formation was observed at 37°C, indicating a partial rescue. 



Example 7 

Interaction between the CDK1 and CYB1 proteins 
Using the primers GACCAACACGAATTCCAAATGGTAGAGTTATCTG and 
10 TGAGGAGTCGACCAAGATTTATTGCATG, which contain EcoRI and a Sail restriction 
sites, respectively, the CDK1 coding sequence was amplified and subcloned into pEG202 
vector in order to created a CDKl-LexA fusion protein. Likewise, the CYB1 coding 
sequence was amplified with the oligonucleotides CATTTI G AATTC AT AGT A- 
ATGCCACAAGTC and ATAGTCCTCGAGACTTTACTCTTCTGCTTC, cut with EcoRI 
15 and Xhol, and the restriction fragment was subcloned into the vector pJG4-5 (Gyuris et al. 
(1993) Cell 75:791-803) in order to generate a CYB1-VP16 fusion protein. 

The two vectors were used to simultaneously transform the S .cerevisiae strain 
YEG048 so as to constitute an interaction trap assay. Analysis of the transformants revealed 
that the CDK1 and CYB1 proteins interact with one another. 
20 Example 8 

Generation of a TYP I -dependent hypermitotic cell 
When the TYP1 plasmid construct pART-TYPl, described above, is used to 
transform the S. Pombe strain Sp553 (h+N, cdc25-22, weel-50, leul-32) using well known 
procedures. Briefly, cells are grown in YE medium at 25°C until they were in exponential 
25 phase (~10 7 cells/ml). The cells are then spun down from the media at 3000rpm for 5 
minutes, and resuspended in LiCl/TE at a concentration of ~10 8 cells/ml (LiCl/TE=10mM 
Tris, ImM EDTA, 50 mM LiCl, pH 8). The resuspended cells are incubated at room 
temperature for 10 minutes, then spun again at 3000rpm for 5 minutes, resuspended in 
LiCl/TE to a concentration of ~5 x 10 8 cells/ml, and shaken for 30 minutes at 25°C. 
30 To an aliquot of 150jil of cells, 500 ng of plasmid DNA and 350jaL of PEG/TE 

(lOmM Tris, ImM EDTA, 50% PEG 4000, pH 8) is added. The cell/plasmid mixture is then 
incubated for 30 minutes at 25°C, heat shocked at 42°C for 20 minutes, then spun at 15,000 
rpm for 10 seconds after the addition of 0.5 mL of Edinburgh Minimal Medium (EMM). The 
cells were resuspended in 0.6 mL EMM, and 0.2 mL aliquots were plated. 
35 At the non-permissive temperature of 37°C, both the endogenous weel and CDC25 

activities of the Sp553 cells are impaired such that they mutually off-set each other's effects, 
and the cells are still able to proliferate. However, the effect of expressing the recombinant 
Candida TYP1 protein in a yeast "wee" background results in mitotic catastrophe. For 
example, at the permissive temperature of 25°C (weel is expressed) the cells are able to 
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proliferate. However, shifting the temperature to the non-permissive temperature of 37°C 
results in mitotic catastrophe. 

Example 9 

Assay for TYP1 inhibitors using a hypermitotic cell 
To assay the anti-mitotic activity of various candidate agents, the cells of Example 6 
are either plated on a solid medium such as EMM plates or suspended in an appropriate 
vegetative broth such as YE. w*k 

In the instance of plating on a solid medium, candidate agents are subsequently 
blotted onto the plate, and the plate incubated at the non-permissive temperature of 37°C A 
halo of cell growth will form surrounding those agents able to at least partially inhibit a 
mitotic activator which can rescue the otherwise catastrophic cell 

Where growth of the cells is carried out in a vegetative broth, aliquots of cell/media 

are placed in the wells of microtitre plates and serial dilutions of candidate agents are added 
o the wells. The plates are incubated at 37°C, and the A 595 for each well measured over 

time and compared to similar wells of cells/media which lack the candidate agent (eg 

negative controls). An increase in absorbence over time relative to the negative controls 
ndica es positive proliferation of the cells and suggests an ability of a particular candidate 

agent to inhibit a mitotic activator. 



referenct" ^ ^ references publications are hereby incorporated by 

Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, numerous equivalents to the specific assay and reagents described 
herein. Such equivalents are considered to be within the scope of this invention and are 
covered by the following claims. 
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SEQUENCE LISTING 



5 (i) APPLICANT: 

(A) NAME: Mitotix, Inc. 

(B) STREET: One Kendall Square, Building 600 

(C) CITY: Cambridge 

(D) STATE: MA 

10 (E) COUNTRY: USA 

(F) POSTAL CODE { ZIP) : 02139 

(G) TELEPHONE: (617) 225-0001 

(H) TELEFAX: (617) 225-0005 

15 (ii) TITLE OF INVENTION: Cell-Cycle Regulatory Proteins from 

Human Pathogens, and Uses Related Thereto 

(iii) NUMBER OF SEQUENCES: 12 

20 (iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS -DOS 

(D) SOFTWARE: ASCII (text) 



(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/463,090 

(B) FILING DATE: 05-JUN-1995 



30 (2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1668 base pairs 

(B) TYPE: nucleic acid 
35 (C) STRANDEDNESS : both 

( D ) TOPOLOGY : 1 inear 



(ii) MOLECULE TYPE: cDNA 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 259.. 1491 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

GGATGATACA AATGTGGAAG ATGCAAATTG TTCTTCCCCT ACTTTGATGA GAAAAAGTGC 6 0 

50 ATTGAGTAAA ATCATCTTCA AAGGACATTA AACAATAATT CCAAATCACC ATCGCCAACT 120 

TTTTCAAATA CAAATG C AAC ATCTGGCTCT CCATTGTCAA ATCTTTCTCG TGCACCATTG 18 0 

AGAAATTTAT CTAATTTCGT TATTCCTTCG TCAGTTAAAT CAAAAACGAA ACAATTTACA 24 0 



AACTCTTTGA CTCGTTCA ATG ACT GAA GTG GTT TCG AAA TCA TCA CAC TCA 291 

Met Thr Glu Val Val Ser Lys Ser Ser His Ser 
15 10 
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TTT TTC AAT AAT TTG CAT rrr i-o* *~ 

- - - ^ ^ His 2 s 2 2 2 2 2 2 2 s •» 



20 25 



10 



15 



25 



30 



35 



245 250 



435 



483 



531 



579 



627. 



675 



= = S s S £ S 2 = « * - s £ = S 
5 S S = £ 5 ? = - 0 ^ - « - - ~ 

ACG TTT ATA CAA TCC ACC TTG ATT Car rar- ~~ 

Thr Phe lie Gin Ser Thr 2 111 2 2° 1*° ^ GCA AGT G ™ 
60 ™ U Ile Hls Gln p he Asn Ala Ser Gin Val 

65 7 ° 75 

2 2 2 2 2 2 2 2 2 2 M ATG GTA ACG ACA ATA ATA 

80 Met Val Thr Thr He Ile 

85 90 

£ 2 .2 2 2 2 2 2 2 2 2 2 2 2 2 2 
= = = 5 = SS =222222222 

2 2 S£ £ 2 2 2 Glu 2 2 T TTA « CGA ATC GAT 

125 y S f" G1U Ser Leu Pro Arg He Asp 

"° 135 

S SI S ™ S £ S 2 S f c ac ■» •» ~ *» 

14 0 VTf LeU ^ G1 y ASP His Asp Asp Gin Phe 

150 155 

5 = S 5 S S 5 5 - - - - ~ - = - 

40 165 170 

GGC CAT ATT ACT AGG GCA ATC AAT ATC TCP arr 

■ «y H is XX. ^ ^ „, u . ^ « « «= - « „ „ „ 

45 GAA AAG CTC TTT CAA TAT faa 

Glu Lys Leu Phe Gin Tyr Gin Glu 2 2 J? ^ ^ A " ^ AGC 
190 G „ Thr ^P Thr h r s Asp Thr Glu Ser 

95 200 

50 2 2 2 A 2 2 2 2 2 c TGT G GAG ~ c AGT ATG ™ - - 

205 HlS CyS Glu Phe Ser Met Phe Arg Gly 

215 

CCA ATG ATG GCC AAA CAT TTA ara j\a^. 

Pro Met Met Ala 2 2 2 Jro 2 I ° AT A ° A ATG TGC ™ TA ^ 
55 220 y 225 Y YS ASP Arg Met <*■ Asn Tyr 

230 235 

GAC AAT TAT CCT CTA TTA ACA TAP rrr r*m „ 

Asp Asn Tyr Pro Leu LeJ JS J£ Pro 2£ ^ ATT TTG GAA GGA 

24 0 P Ile Aia Ile Leu Glu Gly 



771 



819 



867 



915 
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GGC TAT AAG AAT TTC TAT GAA AAT TAC CCC CAA TGG TGT GAT CCT CAA 1059 

Gly Tyr Lys Asn Phe Tyr Glu Asn Tyr Pro Gin Trp Cys Asp Pro Gin 
255 260 265 

5 

GGA TAT GTC GAG ATG AAG AAT TTA CGA CAC AAA AAA TTA TGT GAA TCC , 1107 

Gly Tyr Val Glu Met Lys Asn Leu Arg His Lys Lys Leu Cys Glu Ser 
270 275 280 

10 AAC TTG GAT AAA GTT AGA AAA GAT AAT AAA CTA ACT AGA GCA AAG TCT 1155 
Asn Leu Asp Lys Val Arg Lys Asp Asn Lys Leu Thr Arg Ala Lys Ser 
285 290 295 

TAT CAA TTT GGT ATT CAA CAC CGC CGT GGT GGT TCC ACT GGT GGA CTT 1203 
15 Tyr Gin Phe Gly lie Gin His Arg Arg Gly Gly Ser Thr Gly Gly Leu 
300 305 310 315 

TTC GGC AAC TAT AAT TAC AAC GTT ATG AAC TCA TCA GAT CAA CAA TTT 1251 
Phe Gly Asn Tyr Asn Tyr Asn Val Met Asn Ser Ser Asp Gin Gin Phe 
20 320 325 330 

TGG AGT AGC AGT ACT TCC AAC ACT GCT CAC CAC AGA AGT AGT AGC AGT 1299 
Trp Ser Ser Ser Thr Ser Asn Thr Ala His His Arg Ser Ser Ser Ser 
335 340 345 



25 



AGC GGG TTC ATT AAT AAT ATG CAT AGT GGT GCT TCG TCA TAT CAC CAT 1347 
Ser Gly Phe lie Asn Asn Met His Ser Gly Ala Ser Ser Tyr His His 
350 355 360 



30 AGG TCA CAA TCG TTT GTA ACT ATC AAT AAT GAG AAA ATT ATC AAG CGA 1395 
Arg Ser Gin Ser Phe Val Thr lie Asn Asn Glu Lys lie lie Lys Arg 
365 370 375 

CAA AGA TCG ACT CCC AAA GTC AGC AAC TCA CCA ACC AAG CCA CCT CAT 1443 
35 Gin Arg Ser Thr Pro Lys Val Ser Asn Ser Pro Thr Lys Pro Pro His 
380 ~ 385 390 395 

CAA CTG TAT CTC CTG ATA AAC CCA TTC CGT TGG CTA ATA TTC ATA GAT 1491 
Gin ser Tyr Leu Ser lie Asn Pro Phe Arg Trp Leu lie Phe lie Asp 
40 400 405 410 

TAACTCGTGC CAACACTATT TCATCAGACC AAACATTGTT TAGCAATAAG CTGGTATCTT 1551 

CCCCAATGAT ATCTCCACTT GCAGCTAGTT TTGAACAATC GTCGATTGGA ATAAGTTCTT 1611 

45 

CTGAATTATC AGTCAATACT CAAGATTTTC AACCACCGAC TACGTCCTTT AGGAATT 1668 



(2) INFORMATION FOR SEQ ID NO : 2 : 

50 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 786 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 
55 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 2 08.. 513 



PCT/US96/08807 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
AACTTGTTTA CTTATTTGTT TATATAATTG ATAGATATCA ATTACTAATT TACCCTTGTT 
TTTTACTTCC TACTATTCAA GACTTTATTT CCTCCTGATA ATCATTTTGT TTGATTATCA 
TTTTCGTCAA TTAGTTCTTT TTTTTCATTT GTTTCCAGAG TTTAGGAAGA CTACCATTTT 



1 



5 



AGA TAT AGA AAG AGC AAA AGT GTT GGA ATT TCA GAT ATG ATC CAT TAC 
Arg Tyr Arg Lys Ser Lys Ser Val Gly l le Ser Asp M« Zll SI Ty"r 



15 20 



50 55 



t£ Gly T*2 leu Ara 5* J™ ^ GAA GAA TGG AGA GGG TTA GGA 

7 ^ L ^ 9 " e LSU Thr Glu Glu Glu Trp Arg Gly Leu Gly 

65 70 

ATC ACA CAA TCT TTG GGT TGG GCC CAT Tar 

35 Ils Ita e; ser Leu Gly rrp « « « Glu S SI £ S Su 



80 



85 



40 



CCT CAT ATA TTA TTA TTC AAG AGA CCC TTA AAT CCC GGG CAA 
Pro Hxs lie Leu Leu Phe Lys Arg Pro Leu Asn Pro Gly S£ 



95 100 



TAAAAAGATT AACTATATTT GAATACTATA GAATCGGAAT CGGTTTTAAA GTTAACACTG 
^ GAATTAAAAC ATAAAAAGGA AAGAAATAGC CCATTGGTCA CAGTAATCTG TTTCCAACAA 
CCCCCCTCCT CAGAAATAGG ATAGAAATGA ATTAACGATG AATTTGTATA CACTATTTAT 
AAGCCAATCT CATTGATTGC ATTTCTTATT TGTATATTAT TAAATACGTA TATCGCGAGA 
AACTGTATAA ATACTCTTGG TACCTCGCAT GTT 



50 



(2) INFORMATION FOR SEQ ID NO: 3: 

55 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1002 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: linear 



60 
120 
180 



15 ACAATTTTCA ATTCAAATAT TTTCCCA ATG ACT AAA CCA AGA TTT TTA ACA 231 

Met Thr Lys Pro Arg Phe Leu Thr 



279 

327 

375 

423 

471 

513 

573 

633 
693 
753 
786 
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(ii) MOLECULE TYPE: cDNA 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 43 . . 993 



10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 



55 



TAGAACACAC ACATCCCAAG CCAAGACCAA CACTTATTGC AA ATG GTA GAG TTA 54 

Met Val Glu Leu 
1 

TCT GAT TAT CAA CGT CAA GAA AAA GTC GGA GAA GGT ACT TAT GGG GTT 102 
Ser Asp Tyr Gin Arg Gin Glu Lys Val Gly Glu Gly Thr Tyr Gly Val 
5 10 15 20 



20 GTT TAT AAA GCA TTA GAT ACC AAG CAC AAT AAT AGA GTT GTT GCA TTA 150 
Val Tyr Lys Ala Leu Asp Thr Lys His Asn Asn Arg Val Val Ala Leu 
25 30 35 

AAG AAA ATT CGA TTA GAA TCA GAA GAT GAA GGT GTA CCT AGT ACC GCC 198 
25 Lys Lys lie Arg Leu Glu Ser Glu Asp Glu Gly Val Pro Ser Thr Ala 
40 45 50 

ATT AGA GAA ATC TCG TTA TTA AAA GAA ATG AAA GAT GAT AAT ATC GTT 246 
He Arg Glu He Ser Leu Leu Lys Glu Met Lys Asp Asp Asn He Val 
30 55 60 65 

CGA TTA TAT GAT ATT ATT CAT TCA GAT TCT CAT AAA TTA TAT TTA GTA 294 
Arg Leu Tyr Asp He He His Ser Asp Ser His Lys Leu Tyr Leu Val 
70 75 80 



TTT GAA TTT TTG GAT TTA GAT TTA AAG AAA TAT ATG GAA AGT ATT CCT 342 
Phe Glu Phe Leu Asp Leu Asp Leu Lys Lys Tyr Met Glu Ser He Pro 
85 90 95 100 



40 CAA GGA GTT GGA CTA GGG GCT AAT ATG ATA AAA AGA TTT ATG AAT CAA 3 90 

Gin Gly Val Gly Leu Gly Ala Asn Met He Lys Arg Phe Met Asn Gin 
105 . 110 115 

TTA ATT CGA GGT ATT AAA CAT TGT CAT TCT CAT CGA GTT TTA CAT CGT 438 
45 Leu He Arg Gly He Lys His Cys His Ser His Arg Val Leu His Arg 
120 125 130 

GAT TTA AAA CCA CAA AAT TTA TTG ATT GAT AAA GAA GGG AAT TTA AAA 486 
Asp Leu Lys Pro Gin Asn Leu Leu He Asp Lys Glu Gly Asn Leu Lys 
50 135 140 145 

TTA GCA GAT TTT GGA TTA GCT CGA GCA TTT GGA GTT CCA TTA AGA GCA 534 
Leu Ala Asp Phe Gly Leu Ala Arg Ala Phe Gly Val Pro Leu Arg Ala 
150 155 160 



TAT ACT CAT GAA GTT GTC ACT TTA TGG TAT CGA GCT CCC GAA ATC TTG 582 
Tyr Thr His Glu Val Val Thr Leu Trp Tyr Arg Ala Pro Glu He Leu 
165 170 175 180 
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TTA GGA GGG AAA CAA TAT TCC ACT GGG GTA GAT ATG TGG TCT GTT GGA 
Leu Gly Gly Lys Gin Tyr Ser Thr Gly Val Asp Met Trp Ser Val G^ 

195 



185 190 



225 



AAT GAA GAA ATT TGG CCT GAT GTT AAT TAT TTA CCA GAT TTT AAA TCA 
Asn Glu Glu lie Trp P ro Asp Val Asn Tyr Leu Pro Asp Phe Jyt sS 

235 240 

AGT TTC CCT CAA TGG AAA AAG AAA CCT TTG AGT GAA GCA GTT CCA AGT 
Ser Phe Pro Gin Trp L ys Lys Lys Pro Leu Ser Glu Ala Val Pro stl 
20 250 255 260 

TTG GAT GCT AAT GGA ATT GAT CTT TTG GAT CAA ATG TTG GTG TAT GAT 
Leu Asp Ala Asn Gly He Asp Leu Leu Asp Gin Met Leu Val £r SI 
265 270 27g 



- — . ««i uli aaa LGA GCT TTA ATT CAT CCT TAT TTT 

Pro Ser Arg Arg He Ser Ala Lys Arg Ala Leu He His Pro £r S 
280 285 



AAT GAT AAT GAT GAT CGT GAT CAT AAC AAT TAT AAT GAA GAT AAT ATT 
Asn Asp Asn Asp Asp Arg Asp His Asn Asn Tyr Asn Glu 2p £1 S 
295 300 



630 



678 



TGT ATA TTT GCT GAA ATG TGT AAT AGG AAA CCA TTA TTT CCT GGT GAT 
Cys lie Phe Ala Glu Met Cys Asn Arg Lys Pro Leu Phe Pro Gly Sp 
200 205 210 P 

in 5** A ™ GAT GAA ATT TTC CGA ATT CGA ATT TTA GGA ACA CCT 726 

10 ser Glu lie Asp Glu He Phe Arg He Phe Arg He Leu Gly T*£ S 
215 22 0 



774 



822 



870 



918 



25 S cfl ^ ^ A ? A AGT GCT ^ CGA Q CT TTA ATT CAT CCT TAT TTT 

Pro 
290 

30 Asn Asn a™ ^ I"" ^ 711 TAT AAT GAA GAT AAT ATT 966 



GGG ATT GAC AAA CAC CAA AAC ATG CAA TAAATCTTG 

Gly He Asp Lys His Gin Asn Met Gin 1002 
35 310 315 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1752 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : cDNA 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 184 . . 1659 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 
GCTATTCCCC CCTTTTCCTT TTTTTTATAG AGAAACTTAT TCCAATTACT CATCGAACAA 
GATCTTACTA GACTTGTAGA CTCACGACAC GATAAATTTT AATTCATTAA TCAACCAACG 120 
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AACCAGCCAA ACCAAAATTA ATTCACATTT ATACTCACTG TTTGTCATTT TCATCTCATA 180 

GTA ATG CCA CAA GTC ACT AAA ACT AAT AAT GAA AAT GAG TTT AGA CTT 228 
Met Pro Gin Val Thr Lys Thr Asn Asn Glu Asn Glu Phe Arg Leu 
15 10 15 

ACT AGA TCA AAA GTA CAG CAT CAA GAG TCG ATA AGT ACC ATC AAA AAT 276 
Thr Arg Ser Lys Val Gin His Gin Glu Ser lie Ser Thr lie Lys Asn 
20 25 30 

ACG ACC ATA TCC AAT TCT CAG CAT AAA CAA CAA ACA CAA CAA CAA ATT 324 
Thr Thr lie Ser Asn Ser Gin His Lys Gin Gin Thr Gin Gin Gin lie 
35 40 45 



15 TCA TCA CCA CCT CAA GTC TCT GTA ACA TCA TCT GAA GGA GTT TCA CAT 372 
Ser Ser Pro Pro Gin Val Ser Val Thr Ser Ser Glu Gly Val Ser His 
50 55 60 

GTC AAT ACA CGT CAA TAT TTG GGT GAT GTT TCA AAT CAA TAC ATA ACA 420 
20 Val Asn Thr Arg Gin Tyr Leu Gly Asp Val Ser Asn Gin Tyr lie Thr 
65 70 75 

AAT GCT AAA CCA ACA AAT AAA AGA AAA CCA TTG GGT GGA GAC AAT GCC 468 
Asn Ala Lys Pro Thr Asn Lys Arg Lys Pro Leu Gly Gly Asp Asn Ala 
25 80 85 90 95 

CCT CTA CAA AAA CAA CAG CAT AGA CCA TCT AGA CCA ATA CCC ATT GCC 516 
Pro Leu Gin Lys Gin Gin His Arg Pro Ser Arg Pro He Pro He Ala 
100 105 110 



30 



50 



AGT GAT AAC AAC AAT AAT GGT AGT ACC AGT AGC AGT AGC AAC AGT AGC 564 
Ser Asp Asn Asn Asn Asn Gly Ser Thr Ser Ser Ser Ser Asn Ser Ser 
115 120 125 



35 AAC AAC AAT AAC AAC GAC GCA AAT AGA CTA GCA TCT TTG GCA GTT CCA 612 
Asn Asn Asn Asn Asn Asp Ala Asn Arg Leu Ala Ser Leu Ala Val Pro 
130 135 140 



TCT CGA TTA CCC CAA AAA CGA CAA GCT ACT GAA TCG TCG ACA AAT TTA 
40 Ser Arg Leu Pro Gin Lys Arg Gin Ala Thr Glu Ser Ser Thr Asn Leu 
145 150 155 



660 



GTA GAG AAA TTA AGA GTA CCA CAA CCA GAA GTA GGG GAA AGA AGT CAG 708 
Val Glu Lys Leu Arg Val Pro Gin Pro Glu Val Gly Glu Arg Ser Gin 
45 160 165 170 175 

TCA TAC CAT AAG AAA TCA CGT TTA ATT GAT TAT GAA TGG CAG GAT TTG 756 
Ser Tyr His Lys Lys Ser Arg Leu He Asp Tyr Glu Trp Gin Asp Leu 
180 185 190 



GAT GAA GAA GAT AAT GAC GAC CAA TTA ATG GTT AGT GAA TAT GTT AAC 8 04 

Asp Glu Glu Asp Asn Asp Asp Gin Leu Met Val Ser Glu Tyr Val Asn 
195 200 205 



55 GAA ATA TTT TCG TAC TAT TAC GAA TTA GAA ACA CGA ATG TTA CCT GAT 852 
Glu He Phe Ser Tyr Tyr Tyr Glu Leu Glu Thr Arg Met Leu Pro Asp 
210 215 220 



CCG CAA TAT CTT TTC AAA CAA ACA TTG TTA AAA CCA AGA ATG AGA TCG 



900 
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Pro Gin Tyr Leu Phe Lys Gin Thr Leu Leu Lys prQ ^ g ^ ^ ^ 



235 



ATA TTG GTT GAT TGG CTT GTT GAA ATG CAT TTA AAA TTC AAG TTA TTA 
II. Leu Val Asp Trp Leu Val Glu Met His Leu Lys Phe Lys S lIu 



250 



255 



CCT GAA TCA CTT TTT TTG GCA GTC AAT GTA ATG GAT AGA TTC ATG TCT 
Pro Glu Ser Leu Phe Leu Ala Val Asn Val Met Asp ArJ Phe Zt Lr 
260 2fi 5 270 

?ai vS ™ s; s r ^ r caa tta ttg gct ™ «* «* 

± Glu Val Val Gin He Asp Lys Leu Gin Leu Leu Ala Thr Ala Ala 
15 280 285 

E E £ S S £ £ £ £ E E S 5 E £ £ 



295 300 



20 



E i 2 E E £ £ £ £ - » £ £ £ £ S 

310 315 

25 SS^f" CTT ACC ATT CTT ^ ^T GAT TTG AAT TAC 

Gin Ala Glu Lys Tyr Met Leu Thr He Leu Asn Phe Asp Leu £n £ 

325 "0 335 

30 = = ££££££££££---- 

345 350 

E £ £ £ £ £ £ £ £ - « = « « s - 

35 360 365 

S £ £ £ £ £ £ £ - 2 - 2 £ £ S = 



375 380 



40 



E £ £ £ S £ 2 £ 2 £ E £ £ S £ 2 



390 395 



948 



996 



1044 



1092 



1140 



1188 



1236 



1284 



1332 



1380 



« £ £ 2 £ - 2. 2 £ £ 2 £ £ £ £ 2 £ - 

405 41 ° 415 

2£ Ss S G^ Su Sit pT ^ ^ ^ ^ GCT GCT ATA GAA CAT 
5Q Glu Cys He Glu Leu Met Phe Gin Tyr Leu lie Ala Pro He Glu His 

420 425 430 

E E E E £ £ Tyr £ £ £ £ r ™ » « - 

jr lyr A±a Met Arg Lys Phe Met Arg Ala Ser 
55 440 445 
ACT CTT TGT CGA AAT TGG GCT AAA AAA rrr r*™ 

r» _ J. „„ Trp Ma £ £ 2 E S 2 £ £ 2 

455 460 



1476 



1524 



1572 
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TTG TTT GAT GAA CGA TTA TCG ACC CAT AGG CTA ACA TTA GAA GAT GAT 1620 
Leu Phe Asp Glu Arg Leu Ser Thr His Arg Leu Thr Leu Glu Asp Asp 
465 470 475 

GAC GAA GAA GAA GAA ATA GTG GTA GCA GAA GCA GAA GAG TAAAGTTTTG 1669 
Asp Glu Glu Glu Glu He Val Val Ala Glu Ala Glu Glu 
480 485 490 

AGGACTATTG GATCTAGGTT CTTATCTTTA CAATGCATAA ATGAGGAAAT GAAAGAAGAT 1729 
GAACATGAGT TATGTGCATT ACC 1752 



15 (2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1070 base pairs 

(B) TYPE: nucleic acid 
20 (C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



25 



30 



40 



(ii) MOLECULE TYPE: cDNA 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 30.. 1058 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 



ATCAAATCCA TCAGAGAACC ACATCAATC ATG TCT ACT GCA GCA GTT GCA ACG 53 

Met Ser Thr Ala Ala Val Ala Thr 
35 15 

AAA CCA TCT GTC ACT TCA AAA CCA GCA ACT AAA CAA GTT CTG AAT TAC 101 
Lys Pro Ser Val Thr Ser Lys Pro Ala Thr Lys Gin Val Leu Asn Tyr 
10 15 20 



ACC AAA GAA AAA AAA GTA GGG GAA GGT ACA TAT GCT GTT GTG TAC TTG 149 
Thr Lys Glu Lys Lys Val. Gly Glu Gly Thr Tyr Ala Val Val Tyr Leu 
25 30 35 40 



45 GGT AAA CAA ATC TCC ACC AAA CGT CAA ATT GCC ATC AAA GAA ATC AAA 197 
Gly Lys Gin lie Ser Thr Lys Arg Gin lie Ala lie Lys Glu lie Lys 
45 50 55 

ACA GGA TTA TTC AAA GAT GGG TTG GAT ATG TCA GCA TTG AGA GAA GTG 245 
50 Thr Gly Leu Phe Lys Asp Gly Leu Asp Met Ser Ala Leu Arg Glu Val 
60 65 70 

AAA TAT TTG CAA GAA TTG AAA CAT CCC AAT GTT ATT GAA CTA GTA GAT 2 93 

Lys Tyr Leu Gin Glu Leu Lys His Pro Asn Val lie Glu Leu Val Asp 
55 ^75 80 85 

GTA TTT TCA GCA ACA AAT AAT TTA AAT TTG GTA TTA GAA TTT CTA CCT 341 
Val Phe Ser Ala Thr Asn Asn Leu Asn Leu Val Leu Glu Phe Leu Pro 
90 95 100 
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TGC GAT TTG GAA GTG TTG ATC AAA GAT AAA TCG ATT GTT TTC AAA TCA 
Cys Asp Leu Glu Val Leu lie Lys Asp Lys Ser lie Val Phe Lys Jer" 

110 H5 120 

GCA GAT ATC AAA TCA TGG CTT TTA ATG ACA TTA CGT GGG ATA CAT CAT 
Ala Asp lie Lys Ser Trp Leu Leu Met Thr Leu Arg Gly lie Ss 
125 "0 135 

TGT CAT CGG AAT TTT ATT TTA CAT CGT GAT TTG AAA CCA AAT AAT TTA 
cys His Arg Asn Phe He Leu His Arg Asp Leu Lys Pro ™ £1 Zu 
140 145 150 

TTA TTG GCA CCG GAT GGA CAA TTG AAA ATA GCG GAT TTT GGT CTT GCA 533 
15 Leu Leu Ala Pro Asp Gly Gin Leu Lys He Ala Asp Phe cTy IZ aS 



10 



30 



50 



160 



165 



CGA GCT TTG GTA AAT CCT AAT GAA GAT TTA TCA TCT AAT GTT GTC ACT 

20 £n ^ G1U ^ ^ En Tl Val S 

175 180 

AGA TGG TAT AGA GCC CCT GAA TTA TTA TTT GGT GCT CGA CAT TAC ACT 
Arg Trp Tyr Arg Ala Pro Glu Leu Leu Phe Gly Ala Arg His Ty"r J£ 

25 " J "' 190 195 200 

GW S S T ^ l GG ATA GGT ATA ATA TTT G ^ «* TTA ATG 

Gly Ala Val Asp lie Trp Ser He Gly He He Phe Ala Glu Leu Met 

205 210 2 1S 



CTT CGA ATA CCT TAT TTG CCA GGT AAA GAT GAC GTT GAT CAA TTA GAT 
Leu Arg He Pro Tyr Leu Pro Gly Lys Asp Asp Val Asp X leu 2p 
220 230 



GTT TCC AGT TTG CCA ATG TAT AAT GCA CTT CAT GTG TAT CCA CCT CCT 
40 250 ^ L6U H±S Val P» Pro PrI 



255 260 



2 £ra Si T 5 AAT AGA TTT . AGT GCT GCT ACG GAA AAA GCC 

Ser Arg Gin Glu Leu Arg Asn Arg Phe Ser Ala Ala Thr Glu Lys Ala 

45 270 275 280 

Asl lIu r G tf I 0 " ACC CAA TTG GAT CCA AGT AGA AGA TGT 

Leu Asp Leu Leu He Ser Met Thr Gin Leu Asp Pro Ser Arg Arg Cys 

285 290 295 

GAT TCT ACA CTA GCA TTA TTA CAC GAT TAT TTT ACT GAA TCG CCT CGT 
Asp Ser Thr Leu Ala Leu Leu His Asp Tyr Phe Thr Glu Ser Pro Arg 
300 305 310 



325 



GAA AAT GAA GAT GAA CAG AAT AAT GGC TCT AAA AGA AGG CAT GTT 
Glu Asn Glu Asp Glu Gin Asn Asn Gly ser Lys Arg J£ £s Val 



389 



437 



485 



581 



629 



677 



725 



35 vll i£ f ° GG ACA CCA ACA GAG CAA ATA TGG CCA AAT 773 

35 Val Thr Phe Arg Ala Tyr Gly Thr Pro Thr Glu Gin He Trp Pro Asn 

235 240 245 



821 



869 



917 



965 



CCT ACT GAC CCG AAA AAG TTG CCT AAA AAG TCT TCT CCA GAA AAG AGA 1013 
55 Pro Thr Asp Pro Lys Lys Leu Pro Lys Lys Ser — — ^ - 

315 320 



1058 
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330 335 340 

TAGGTTTCTA TA 1070 

5 

(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 477 base pairs 
10 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: linear 



15 



20 



35 



55 



(ii) MOLECULE TYPE: cONA 



(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1..477 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6; 



TGT TCA GCT ATT GAT ACG AAA AGT TCA GTC TCA GCG ATG GAG CAC AAG 48 
25 Cys Ser Ala lie Asp Thr Lys Ser Ser Val Ser Ala Met Glu His Lys 
15 10 15 

ATT GCT ATA AAG AAA GTA AC A AAG ATT TTC AAC AAA GAC ATC CTT CTA 96 
lie Ala lie Lys Lys Val Thr Lys lie Phe Asn Lys Asp lie Leu Leu 
30 20 25 30 

ATC AGG GCA ATA CGA GAG CTT AAG TTC ATG ATG TTT TTC AGA GGC CAC 144 
lie Arg Ala lie Arg Glu Leu Lys Phe Met Met Phe Phe Arg Gly His 
35 40 45 



AAG AAT ATT GCA ACT TTG CTT GAC TTA GAT GTT GTA TAT GTG AAG CCT 192 
Lys Asn lie Ala Thr Leu Leu Asp Leu Asp Val Val Tyr Val Lys Pro 
50 55 60 



40 TAT GAA GGC TTG TAT TGT TTT CAA GAG CTA GCC GAT TTA GAT TTA GCT 240 
Tyr Glu Gly Leu Tyr Cys Phe Gin Glu Leu Ala Asp Leu Asp Leu Ala 
65 70 75 80 

CGT GTT TTG TAC TCA AAC GTC CAA TTT TCA GAA TTT CAC ATT CAA AGC 28 B 

45 Arg Val Leu Tyr Ser Asn Val Gin Phe Ser Glu Phe His lie Gin Ser 

85 90 95 

TTT ATG TAC CAA ATT CTT TGC GGA CTC AAG TAC ATC CAT TCT GCT GAT 336 
Phe Met Tyr Gin lie Leu Cys Gly Leu Lys Tyr lie His Ser Ala Asp 
50 100 105 110 

GTA ATA CAT CGG GAC CTA AAG CCA GGA AAC ATA TTG GTC ACC ACT CAA 3 84 

Val lie His Arg Asp Leu Lys Pro Gly Asn lie Leu Val Thr Thr Gin 
115 120 125 



GGG ACT TTA AAA ATA TGT GAT TTC GGC TTA GCA CGA GGA ATA AAT CCT 432 
Gly Thr Leu Lys lie Cys Asp Phe Gly Leu Ala Arg Gly lie Asn Pro 
130 135 140 
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GTA TAT TTC AGA AAC CGC TCA GCT GTC ATC ACA AAC TAC rT& rr. 

Val Tyr Phe Arg Asn Arg Ser Ala Val m t£ £n ™ ™ £a 

(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 411 amino acids 

(B) TYPE: amino acid 
( D ) TOPOLOGY : 1 inear 



(ii) MOLECULE TYPE: protein 
15 < xi > SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Met Thr Glu Val Val Ser Lys Ser Ser His Ser Phe Phe Asn Asn Leu 



10 



15 



20 His Leu 



Ala Thr Ser Thr Ala Ser 
20 



Ser Ser Val Ser Ser Thr Thr 



25 



Pro 



30 



Lys He Glu Phe Asn Ser He Ala Glu Asn Asp Asp He Pro Thr Asn 
25 40 " 



Tyr Asp Ser Asp Glu Glu Phe Glu Asp Gly Asp Thr Phe He Gin Ser 

55 60 

30 *™ ^ S " Gln Val Thr Ti ~ ^r Thr He 

70 75 80 

He He He Pro Met Met Val Thr Thr He He Tyr Leu Gln Lys Leu 
85 9° 95 

35 Asp Gly ser Thr Pro Cys Thr Lys Pro He Lys Arg Leu His Arg Thr 



105 



110 

Ser 



Asn Phe Met Lys He He His Phe Glu He Tyr Asn He Glu Tyr 
40 120 125 ^ 

His Leu Glu Ser Asp Leu Leu Pro Arg He Asp Ala His Gln Leu ^ 



135 



14 0 

45 £1 " e HiS AS * G1 » Ph * Asp Glu Phe He He 

150 155 160 

He Asp Cys Arg Phe Glu Tyr Glu Phe Asn Gly Gly His He Thr Arg 



165 17n 

170 175 



50 Ala He Asn He Ser Thr Gln Glu Ala Leu Gln Glu Lys Leu Phe Gln 



180 



185 



190 



Tyr Gln Glu Thr Asp Thr Lys Asp Thr Glu Ser Lys Lys Arg Leu He 
55 95 200 205 

He Phe His Cys Glu Phe Ser Met Phe Arg Gly Pro „ et „ et ^ Lys 

215 220 

His Leu Arg Lys Cys Asp Arg Met Cys Asn Tyr Asp Asn Tyr Pro Leu 
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225 230 235 240 

Leu Thr Tyr Pro Asp lie Ala He Leu Glu Gly Gly Tyr Lys Asn Phe 
245 250 255 

5 

Tyr Glu Asn Tyr Pro Gin Trp Cys Asp Pro Gin Gly Tyr Val Glu Met 
260 265 270 

Lys Asn Leu Arg His Lys Lys Leu Cys Glu Ser Asn Leu Asp Lys Val 
10 275 280 285 

Arg Lys Asp Asn Lys Leu Thr Arg Ala Lys Ser Tyr Gin Phe Gly He 
290 295 300 

15 Gin His Arg Arg Gly Gly Ser Thr Gly Gly Leu Phe Gly Asn Tyr Asn 
305 310 315 320 

Tyr Asn Val Met Asn Ser Ser Asp Gin Gin Phe Trp Ser Ser Ser Thr 
325 330 335 

20 

Ser Asn Thr Ala His His Arg Ser Ser Ser Ser Ser Gly Phe He Asn 
340 345 350 

Asn Met His Ser Gly Ala Ser Ser Tyr His His Arg Ser Gin Ser Phe 
25 355 360 365 

Val Thr He Asn Asn Glu Lys He He Lys Arg Gin Arg Ser Thr Pro 
370 375 380 

30 Lys Val Ser Asn Ser Pro Thr Lys Pro Pro His Gin Leu Tyr Leu Leu 
385 390 395 400 



35 



He Asn Pro Phe Arg Trp Leu He Phe lie Asp 
405 410 



(2) INFORMATION FOR SEQ ID NO: 8: 



(i) SEQUENCE CHARACTERISTICS: 
40 (A) LENGTH: 102 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



45 



50 



(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

Met Thr Lys Pro Arg Phe Leu Thr Arg Tyr Arg Lys Ser Lys Ser Val 
15 10 15 

Gly He Ser Asp Met He His Tyr Ser Pro Arg Tyr Ser Asp Asp Ser 
20 25 30 



Tyr Glu Tyr Arg His Val Met Leu Pro Lys Asn Met Leu Lys Ala He 
55 35 40 45 

Pro His Asp Tyr Phe Asn Gin Glu Thr Gly Thr Leu Arg He Leu Thr 
50 55 60 
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Glu Glu Glu Trp Arg Gly Leu Gly He Thr Gin Ser Leu Gly Trp Ala 

70 75 80 

His Tyr Glu Thr His Ala Pro Glu Pro His lie Leu Leu Phe Lys Arg 
85 90 95 

Pro Leu Asn Pro Gly Gin 
100 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 317 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



20 



(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Met val Glu Leu Ser Asp Tyr Gin Arg Gin Glu Lys Val Gly Glu Gly 

10 15 

25 Thr Tyr Gly Val Val Tyr Lys Ala Leu Asp Thr Lys His Asn Asn Arg 



25 30 
Val val Ala Leu Lys Lys lie Arg Leu Glu Ser Glu Asp Glu Gly Val 
30 40 45 



Pro Ser Thr Ala He Arg Glu He 



50 



55 



Ser Leu Leu Lys Glu Met Lys Asp 



60 



35 



Asp Asn He Val Arg Leu Tvr Asn n B T i a u- 
65 !! y p I - Le Ile Hls Ser Asp Ser His Lys 

° 7 5 80 

Leu Tyr Leu Val Phe Glu Phe Leu Asp Leu Asp Leu Lys Lys Tyr Met 

85 9 ° " 95 

40 Glu ser lie Pro Gin Gly Val Gly Leu Gly Ala Asn Met He Lys Arg 



105 



110 



Phe Met Asn Gin Leu lie Arg Gly He Lys His Cy S His Ser His Arg 
45 " ' 120 125 



Val Leu His Arg Asp Leu Lys Pro Gin Asn Leu Leu lie Asp Lys Glu 

135 140 

50 l« ^ ^ ^ ASP PhS Leu ^a Arg Ala Phe Gly Val 

150 155 160 

Pro Leu Arg Ala Tyr Thr His Glu Val Val Thr Leu Trp Tyr Arg Ala 
165 17 ° 17S 

55 Pro Glu lie Leu Leu Gly Gly Lys Gin Tyr Ser Thr Gly Val Asp Met 



185 



190 



Trp Ser Val Gly Cys He Phe Ala Glu Met Cys Asn Arg Lys Pro Leu 
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Phe Pro Gly Asp Ser Glu lie Asp Glu lie Phe Arg lie Phe Arg lie 
210 215 220 

5 Leu Gly Thr Pro Asn Glu Glu lie Trp Pro Asp Val Asn Tyr Leu Pro 
225 230 235 240 

Asp Phe Lys Ser ser Phe Pro Gin Trp Lys Lys Lys Pro Leu Ser Glu 
245 250 255 

10 

Ala Val Pro Ser Leu Asp Ala Asn Gly lie Asp Leu Leu Asp Gin Met 
260 265 270 

Leu Val Tyr Asp Pro Ser Arg Arg lie Ser Ala Lys Arg Ala Leu lie 
15 275 280 285 

His Pro Tyr Phe Asn Asp Asn Asp Asp Arg Asp His Asn Asn Tyr Asn 
290 295 300 

20 Glu Asp Asn lie Gly lie Asp Lys His Gin Asn Met Gin 
305 310 315 



(2) INFORMATION FOR SEQ ID NO: 10: 

25 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 492 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

30 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

35 Met Pro Gin Val Thr Lys Thr Asn Asn Glu Asn Glu Phe Arg Leu Thr 
15 10 15 

Arg Ser Lys Val Gin His Gin Glu Ser lie Ser Thr lie Lys Asn Thr 
20 25 30 

40 

Thr lie Ser Asn Ser Gin His Lys Gin Gin Thr Gin Gin Gin lie Ser 
35 40 45 

Ser Pro Pro Gin Val Ser Val Thr Ser Ser Glu Gly Val Ser His Val 
45 50 55 60 

Asn Thr Arg Gin Tyr Leu Gly Asp Val Ser Asn Gin Tyr lie Thr Asn 
65 70 75 80 

50 Ala Lys Pro Thr Asn Lys Arg Lys Pro Leu Gly Gly Asp Asn Ala Pro 

85 90 95 

Leu Gin Lys Gin Gin His Arg Pro Ser Arg Pro lie Pro lie Ala Ser 
100 105 110 

55 

Asp Asn Asn Asn Asn Gly Ser Thr Ser Ser Ser Ser Asn Ser Ser Asn 
115 120 125 

Asn Asn Asn Asn Asp Ala Asn Arg Leu Ala Ser Leu Ala Val Pro Ser 
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130 135 



140 



Arg Leu Pro Gin Lys Arg Gin Ala Thr Glu Ser Ser Thr Asn Leu Val 



145 "0 1S5 



160 



Glu Lys Leu Arg Val Pro Gin Pro Glu Val Gly Glu Arg Ser Gin Ser 
165 17 ° 175 



10 



Tyr His Lys Lys Ser Arg Leu He Asp Tyr Glu Trp Gin Asp Leu Asp 

180 18 5 iso 

Glu Glu Asp Asn Asp Asp Gin Leu Met Val Ser Glu Tyr Val Asn Glu 



205 



15 He Phe 



Ser Tyr Tyr Tyr Glu Leu Glu Thr Arg Met Leu Pro Asp Pro 
215 220 

Gin Tyr Leu Phe Lys Gin Thr Leu Leu Lys Pro Arg Met Arg Ser lie 
20 235 240 

Leu Val Asp Trp Leu Val Glu Met His Leu Lys Phe Lys Leu Leu Pro 
245 255 
^ Glu Ser Leu Phe Leu Ala Val Asn Val Met Asp Arg P he Met Ser Val 



265 



270 



Glu Val val Gin He Asp Lys Leu Gin Leu Leu Ala Thr Ala Ala Leu 
— 280 2Q5 

30 Phe Thr Ala Ala Lys Asn Glu Glu Val Phe Ser Pro Leu Val Lys Asn 



300 

Tyr Ala Tyr Phe Thr Asp Gly Ser Tyr Thr Pro Glu Glu Val Val Gin 

35 310 315 320 

Ala Glu Lys Tyr Met Leu Thr He Leu Asn Phe Asp Leu Asn Tyr Pro 

325 3 3° 335 

Asn Pro Met Asn Phe Leu Arcr Arcr lie <*e>r i,„ 
40 340 y a Asp T y r ASP 



345 



350 



Val Gin Ser Arg Thr Leu Gly Lys Tyr Leu Leu Glu lie Thr lie Val 



360 



365 



45 Asp Tyr Lys Phe lie Gly Met Arg Pro Ser Leu Cys Cys Ala Leu 

375 380 



Ala 



385 ^ ^ ^ Il£ LSU ^ Pro Val Trp Asn Gly 

50 395 4oo 

Asn Leu He His Tyr Ser Gly Gly Tyr Arg He Ser Asp Met Arg Glu 



410 



415 



^ Cys lie Glu Leu Met Phe Gin Tyr Leu He Ala Pro He Glu His Asp 

425 430 

Glu Phe Phe Lys Lys Tyr Ala Met Arg Lys Phe Met Arg Ala Ser Thr 
435 440 445 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



Leu cys Arg Asn Trp Ala Lys Lys Phe Gin Ala Ser Gly Arg Asp Leu 
450 455 460 

Phe Asp Glu Arg Leu Ser Thr His Arg Leu Thr Leu Glu Asp Asp Asp 
465 470 475 480 

Glu Glu Glu Glu lie Val Val Ala Glu Ala Glu Glu 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 3 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Met Ser Thr Ala Ala Val Ala Thr Lys Pro Ser Val Thr Ser Lys Pro 
1 5 10 15 

Ala Thr Lys Gin Val Leu Asn Tyr Thr Lys Glu Lys Lys Val Gly Glu 
20 25 30 

Gly Thr Tyr Ala Val Val Tyr Leu Gly Lys Gin lie Ser Thr Lys Arg 
35 40 45 

Gin lie Ala lie Lys Glu lie Lys Thr Gly Leu Phe Lys Asp Gly Leu 
50 55 60 

Asp Met Ser Ala Leu Arg Glu Val Lys Tyr Leu Gin Glu Leu Lys His 
65 70 75 80 

Pro Asn Val lie Glu Leu Val Asp Val Phe Ser Ala Thr Asn Asn Leu 
85 90 95 

Asn Leu Val Leu Glu Phe Leu Pro Cys Asp Leu Glu Val Leu lie Lys 



Asp Lys Ser lie Val Phe Lys Ser Ala Asp He Lys Ser Trp Leu Leu 
115 120 125 

Met Thr Leu Arg Gly He His His Cys His Arg Asn Phe He Leu His 
130 135 140 

Arg Asp Leu Lys Pro Asn Asn Leu Leu Leu Ala Pro Asp Gly Gin Leu 
145 150 155 160 

Lys He Ala Asp Phe Gly Leu Ala Arg Ala Leu Val Asn Pro Asn Glu 
165 170 175 

Asp Leu Ser Ser Asn Val Val Thr Arg Trp Tyr Arg Ala Pro Glu Leu 
180 185 190 

Leu Phe Gly Ala Arg His Tyr Thr Gly Ala Val Asp He Trp Ser He 



485 



490 
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195 200 



56- 

205 



10 



Gly lie lie Phe Ala Glu Leu Met Leu Arg He Pro Tyr Leu Pro Gly 
210 2 15 22 o 

Lys Asp Asp val Asp Gin Leu Asp Val Thr Phe Arg Ala Tyr Gly Thr 

230 235 240 

Pro Thr Glu Gin He Trp Pro Asn Val Ser Ser Leu Pro Met Tyr Asn 
245 250 255 

Ala Leu His Val Tyr Pro Pro Pro Ser Arg Gin Glu Leu Arg Asn Arg 
260 265 270 



15 Phe Ser Ala Ala Thr Glu Lys Ala Leu Asp Leu Leu He Ser Met Thr 
275 280 

Gin Leu Asp Pro Ser Arg Arg Cys Asp Ser Thr Leu Ala Leu Leu His 



20 



290 295 



300 



Asp Tyr Phe Thr Glu Ser Pro Arg Pro Thr Asp Pro Lys Lys Leu Pro 

310 315 320 

Lys Lys Ser Ser Pro Glu Lys Arg Glu Asn Glu Asp Glu Gin Asn Asn 
325 330 335 

Gly Ser Lys Arg Arg His Val 
340 

30 (2) INFORMATION FOR SEQ ID NO : 12 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 159 amino acids 

(B) TYPE: amino acid 
J5 (D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 
4Q (xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

Cys Ser Ala He Asp Thr Lys ser Ser Val Ser Ala Met Glu His Lys 



10 15 



45 



He Ala lie Lys Lys Val Thr Lys He Phe Asn Lys Asp He Leu Leu 



20 



25 



30 



He Arg Ala He Arg Glu Leu Lys Phe 
35 40 

50 Lys Asn He Ala Thr Leu Leu Asp Leu Asp Val Val Tyr Val Lys Pro 



Met Met Phe Phe Arg Gly His 
45 



60 



Tyr Glu Gly Leu Tyr Cys Phe Gin Glu Leu Ala Asp Leu Asp Leu Ala 

55 75 80 

Arg val Leu Tyr Ser Asn Val Gin Phe Ser Glu Phe His He Gin Ser 
85 90 95 
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Phe Met Tyr Gin lie Leu Cys Gly Leu Lys Tyr lie His Ser Ala Asp 
100 105 110 

Val lie His Arg Asp Leu Lys Pro Gly Asn lie Leu Val Thr Thr Gin 
5 ^ 115 ~ " 120 125 

Gly Thr Leu Lys lie Cys Asp Phe Gly Leu Ala Arg Gly lie Asn Pro 
130 135 140 

10 Val Tyr Phe Arg Asn Arg Ser Ala Val lie Thr Asn Tyr Val Ala 
145 150 155 
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Claims 

1 . A substantially pure preparation of a Candida TYP 1 polypeptide. 
5 2. The TYP1 polypeptide of claim 1, wherein the TYP1 polypeptide comprises an amino 
^IdZT ,e3St ^ PCTCent h0m ° ,OgOUS t0 a ^ SCqUenCe repreSented in 

3. The TYP1 polypeptide of claim 1, which polypeptide functions in one of either role of 
10 an agonist or an antagonist of cell cycle regulation of a Candida cell. 

4- The TYP1 polypeptide of claim 1, which polypeptide has an intrinsic phosphatase 
activity. r 

15 5. The TYP1 polypeptide of claim 4, wherein the phosphatase activity of the TYP1 
polypeptide activates a Candida cyclin dependent kinase. 

6. An immunogen comprising the polypeptide of claim 1, in an immunogenic preparation, 
said —gen being capable of eliciting an immune response specific for the 

0 Candida TYP1 polypeptide. 

7. An antibody preparation specifically reactive with the polypeptide of claim 1 . 

8. A recombinant^ produced Candida TYP 1 polypeptide. 



9. The TYP1 polypeptide of claim 8, having an amino acid sequence at least 75 percent 
homologous to an amino acid sequence designated by SEQ ID No. 2. 

10. The TYP1 polypeptide of claim 8, which polypeptide is a protein phosphatase. 

11- The TYP1 polypeptide of claim 8, which polypeptide is a fusion protein further 
comprising a second polypeptide portion having an amino acid sequence from a protein 
unrelated to the Candida TYP1 polypeptide. 

ZpUte 1 P ° lyPePdde ^ Cl3im 8 ' WhiCh P ° lyPePtide hydr ° ,yZeS P-™°Phenyl 

13. The TO1 polypeptide of claim 8, which polypeptide binds to a Candida cvclin- 
dependent kinase. 
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14. A substantially pure nucleic acid comprising a nucleotide sequence which encodes a 
TYP1 polypeptide at least 75% homologous to an amino acid sequence represented in 
SEQ ID No. 2. 

15. The nucleic acid of claim 14, wherein the encoded TYP1 polypeptide functions in one 
5 of either role of an agonist or an antagonist of cell cycle regulation of a Candida cell. 

16. The nucleic acid of claim 14, wherein the encoded TYP1 polypeptide has an intrinsic 
phosphatase activity. 

17. The nucleic acid of claim 16, wherein the phosphatase activity of the TYP1 polypeptide 
activates a Candida cyclin dependent kinase. 

10 18. The nucleic acid of claim 1 6, wherein the phosphatase activity of the TYP1 polypeptide 

hydrolyzes para-nitrophanylphosphate. 
19. The nucleic acid of claim 14, which nucleic acid further comprises a transcriptional 

regulatory sequence operably linked to said nucleotide sequence so as to render said 

nucleotide sequence suitable for use as an expression vector. 
15 20. An expression vector, capable of replicating in at least one of a prokaryotic cell and 

eukaryotic cell, comprising the nucleic acid of claim 14. 

21. A host cell transfected with the expression vector of claim 20. 

20 22. A method of producing a recombinant Candida TYP1 protein comprising culturing the 
cell of claim 21 in a cell culture medium to express said TYP1 protein and isolating said 
TYP1 protein from said cell culture. 

23. A probe/primer for identifying nucleic acid encoding a regulatory protein of a Candida 
25 cell, which probe/primer comprises a nucleotide sequence which hybridizes under 

stringent conditions to at least 10 consecutive nucleotides of sense or antisense 
sequence of a nucleic acid selected from a group consisting of SEQ ID No. 1, SEQ ID 
No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5 and SEQ ID No. 6. 

30 24. The probe/primer of claim 23, further comprising a label group attached thereto and 
able to be detected. 

25. A diagnostic test kit for identifying nucleic acid of a Candida organism, comprising the 
probe/primer of claim 23, for measuring a level of a nucleic acid encoding the 

35 regulator protein in a biological sample. 

26. A method of identifying a compound which is an inhibitor of TYP1 phosphatase, 
comprising the steps of: 

a) generating a combination including: 
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1) a test agent to be assessed; 

2) a cell free preparation of a TYP1 phosphatase from Candida, and 

3) a substrate of the TYP 1 phosphatase, other than an active cyclin 
dependent kinase (CDK); 

b) maintaining the combination under conditions appropriate for the TYP 1 
phosphatase to convert the substrate to product; and 

c) measuring the conversion of the substrate to product, 

wherein a statistically significant decrease in the conversion of substrate to product in 
the combination, relative to a control comprising TYP1 phosphatase and the substrate 
and lacking the test agent, indicates that the test compound is an inhibitor of the TYP1 
phosphatase. 

27. The method of claim 26, wherein the TYP1 phosphatase is a component of a fusion 
protein. 

28. The method of claim 27, wherein the fusion protein is a glutathione- S-transferase/TYPl 
phosphatase fusion protein. 

29. The method of claim 26, wherein the conversion of substrate to product provides a 
colorimetric indicator of phosphatase activity. 

30. The method of claim 29, wherein the substrate is a synthetic substrate of TYP1 
phosphatase comprising a colorimetric label which is detectable when the substrate is 
converted to product. 

31. The method of claim 30, wherein the substrate is selected from the group consisting of 
p-nitrophenylphosphate (pNPP), fluorosceindiphosphate (FDP), and 3-0- 
methylfluoroscein phosphate (3-MFP). 

32. The method of claim 26, wherein the TYP1 phosphatase comprises a polypeptide 
having an amino acid sequence represented in SEQ ID No. 2. 

33. An assay for screening test agents for an inhibitor of an interaction of a cvclin 
dependent kinase (CDK) with a TYP1 polypeptide, comprising: 

i) generating a combination including: 

a) a test agent to be assessed; 

b) a cell free preparation of a TYP1 polypeptide from Candida; and 

c) a cyclin dependent kinase; 
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ii) detecting the formation of a complex including said CDK and said TYP1 
polypeptide, 

wherein a statistically significant decrease in the formation of said complex in the 
presence of said test agent, relative to the formation of a CDK/TYP1 complex in the 
absence of said test agent, is indicative of said test agent being an inhibitor of the 
interaction between said CDK and said TYP1 polypeptide. 

34. A method for screening test agents for an inhibitor of an interaction of a cyclin 
dependent kinase (CDK) with a TYP1 polypeptide, comprising: 

i) providing an interaction trap system including 

a) a first fusion protein comprising a cyclin-dependent kinase (CDK) 
portion, and 

b) a second fusion protein comprising a Candida TYP1 protein 
portion, 

c) maintaining the interaction trap system under conditions wherein 
said interaction trap system is sensitive to interactions between the 
CDK portion of said first fusion protein and said TYP1 protein 
portion of said second polypeptide; 

ii) contacting said interaction trap assay with a test agent; 

iii) measuring the interactions between said fusion proteins in the presence of 
said candidate agent; and 

iv) comparing the interactions of said fusion proteins in the presence of said 
candidate agent to interactions of said fusion proteins in the absence of the 
candidate agent, 

wherein a statistically significant decrease in the level of interaction of the fusion 
proteins in the presence of said candidate agent is indicative of the test agent being an 
inhibitor of interactions between CDK and the TYP1 protein. 

35. An assay for identifying an inhibitor of a pathogen TYP1 phosphatase, comprising 

i. providing a cell expressing a recombinant TYP1 phosphatase from Candida^ 
said cell also having an impaired checkpoint which causes premature entry 
of the cell into mitosis resulting in cell death, the premature entry into 
mitosis being mediated at least in part by the TYP1 phosphatase; 

ii. contacting the cell with a candidate agent; 

iii. measuring a level of proliferation of the cell in the presence of the candidate 
agent; and 

iv. comparing the level of proliferation of the cell in the presence of the 
candidate agent to a level of proliferation of the cell in the absence of the 
candidate agent. 
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wherein a statistically significant increase in the level of proliferation in the presence of 
the candidate agent is indicative of inhibition of the TVP1 phosphatase by the candidate 
agent. 

36. The assay of claim 35, wherein the cell-cycle checkpoint impairment comprises a 
reduction of inhibitory phosphorylation of a cyclin-dependent kinase (CDK). 

37. The assay of claim 36, wherein the cell-cycle checkpoint impairment comprises an 
impaired weel protein kinase activity, an impaired mikl protein kinase activity, or an 
over-expression of a niml gene product. 

38. A Schizosaccharomyces cell comprising 

i) . an expressible recombinant gene encoding an exogenous TYP1 phosphatase 

from Candida; and 

ii) . a conditionally impairable wee 1 protein kinase which can cause cell death by 

facilitating premature entry of the cell into mitosis under conditions wherein 
the weel protein kinase is impaired, the premature entry into mitosis being 
mediated at least in part by the exogenous TYP1 phosphatase and a reduced 
level of inhibitory phosphorylation of a cdc2 protein kinase by the impaired 
weel protein kinase. 

39. The Schizosaccharomyces cell of claim 38, wherein the weel protein kinase is 
temperature sensitive and is impaired at a temperature above a permissive temperature. 
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Figure 1A 



Lineweaver-Burke Analysis of Candida Cdc25 with p-NPP 
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